US012467950B2

a2 United States Patent (10) Patent No.: US 12,467,950 B2

Fitzgerald 45) Date of Patent: Nov. 11, 2025
(54) SYSTEMS AND METHOD FOR COAXIAL GOIR 31/31709; GOIR 31/316; GO1R
MEASUREMENT OF RF SIGNAL 23/02; GOIR 31/2612; GO1R 31/2831;
PERFORMANCE GO1R 27/2623; GO1R 27/2664; GO1R
21/133; GOIR 29/26; GO1R 31/003;
(71) Applicant: BAE Systems Information and (Continued)
Electronic Systems Integration Inc.,
Nashua, NH (US) (56) References Cited

U.S. PATENT DOCUMENTS

(72) Inventor: Jeflrey Fitzgerald, Lunenburg, MA

(US) 4,965,514 A * 10/1990 Herrick .............. GO1R 1/06772
_ _ 324/754.06
(73) Assignee: BAE Systems Information and 5,477,159 A * 12/1995 Hamling ........... GOIR 1/06772
Electronic Systems Integration Inc., 324/755.05
Nashua, NH (US) (Continued)
( *) Notice: Subject to any disclaimer, the term of this FORFEIGN PATENT DOCUMENTS
patent 1s extended or adjusted under 35
U.S.C. 154(b) by 168 days. DE 19924315 Al * 11/2000 ... GOI1R 31/045
Primary Examiner — Vinh P Nguyen
(21) Appl. No.: 18/153,479 (74) Attorney, Agent, or Firm — Sand, Sebolt & Wernow
LPA; Gary McFaline
(22) Filed: Jan. 12, 2023
(37) ABSTRACT
(65) Prior Publication Data A coaxial pad probe for coupling with a preexisting coaxial
US 2024/0241154 A1 Tul. 18 2024 cable having a first end and a second end opposite to the first
j end and remote from an analyzing device. The coaxial pad
(51) Int. CL probe includes a probe operably engaged with the second
GOIR 1/067 (2006.01) end of the preexisting coaxial cable. The probe 1s configured
(52) U.S. CL. to directly contact a coaxial mput/output (I0) connection

CPC GOIR 1/06772 (2013.01); GOIR 1/06766 provided on a mixed signal die or a coplanar 10O connection
| (2013.01) provided on the mixed signal die for measuring an S-pa-

(58) Field of Classification Search rameter measurement of the mixed signal die. The probe

CPC  GOIR 27/28: GO1R 35/005: GO1R 31/2827- may 1include a support structure operably engaged with
GO1R 31 106777 GOlRi 106766 GOlRi second end of the preexisting coaxial cable. The probe may

7/06: GO1R 31/2837- GOIR 31/3191- also include a probe tip operably engaged with the support
GO1R 3 15/00. GO1R 27 /021. GOIR 31 /002f structure and configured to directly contact with the selected

GO1R 29/087% GOIR 35/007: GOIR coaxial 10 connection provided on the mixed signal die or
31/001: GO1R él 1786 GOIR: 23/16- the coplanar 10 connection provided on the mixed signal

GOIR 31/2834; GOIR 31/31917; GOIR 41
1/067; GOIR 31/2853; GOIR 31/31901; 17 Claims, 33 Drawing Sheets




US 12,467,950 B2
Page 2

(58) Field of Classification Search
CPC ... GO1R 31/2626; GOIR 31/2616; GOIR
31/2896; GO1R 31/317; HO1P 3/08; HO1
3/06; HO1P 1/202; HO1P 3/00; HO1
1/182; HO1P 1/203; HO1P 1/2082; HO1
1/222; HO1P 7/10; HO1P 5/107; HO1
3/16; HO1P 3/10; HO1P 1/30; HO1
1/183; HO1P 1/225; HO1P 7/082; GO6F
17/18; GO6F 2119/10

See application file for complete search history.

aviaviiaviisviisw

(56) References Cited
U.S. PATENT DOCUMENTS

6,617,864 B2* 9/2003 Inoue ................. GOIR 1/06772
333/33

7,609,077 B2* 10/2009 Campbell .......... GOIR 1/06772
324/755.11

7,764,072 B2* 7/2010 Stnd .................. GOIR 1/06772
324/149

7,898,273 B2* 3/2011 Gleason ............. GOIR 1/07342
324/754.06

10,854,993 B2* 12/2020 Franzini ................... HO1Q 5/50
12,210,039 B2* 1/2025 O’Brien ............. GOIR 1/06772
2012/0013358 Al* 1/2012 Wang ................. GOIR 1/06772
324/755.01

* cited by examiner



US 12,467,950 B2

Sheet 1 of 33

Nov. 11, 2025

U.S. Patent

1" IIA
9 M 7%
Vev'ev q2¥ 2% Je¥ ey

AANANAANAANAANN NANAANANANAANAAA I AANANAANAANANANAANAAN AN 4
1 nn&nn&&*%hw&&nu«nwnwnw”n&%num ,,,,,,, RS
Yot SEIT %% MR RN % Il RN %%

A
DS I

) —

= 5%
el
eeleleleleleie%e! S PSSRNENSNES,

oG 2%

0c V31'el

S



oVl

US 12,467,950 B2

d41

IVHT
"’
c VAT
2
s 9
S
S
R VYT
&
4
VI

U.S. Patent

dc Old

_ _ VP1'¥1
14:t ! I\\\\ TdoT 02 IV2l EVel
LT'VLI'VIOT OT
f ) m_ cacl edaT | 1 oveT ~
VP1'¥1

1dcl
S.T\\\ azT ¥vel ver



dz oid

AhA
mmmﬁ;
di1
IV¥1
o
M 1AZA!
m H.1
YA K
2-_,,
m AhA!
7

_: m:
“ _

o HAT
. s

i

m&@éﬁ@ﬂ@%ﬁﬂ@@@ﬁ@ﬂ@ﬂ@%@%@ﬁ ﬁﬁ%@éﬁ@%@

A l1dcl
: ¥vel
vdel o dc7 i

U.S. Patent

Oc

Oc

” 7 X
. NEoS
,,,,,, (RN

| TV2T |

Vel

N7

Vel

OU‘

&Val o1

ﬂ@@%@ﬁ@yﬂ.@%bﬁhﬁ

i48d!



@\ ®

= LtAN) K|

%., dy1'¥1 5% T

I~

\& AN W |

5 f_ Vel yer 02 ||, 21 qggy iin

— | ! 1, |,

= Wnu«ubﬂon&ﬂ&&wnnu‘u‘u&%‘n‘vd&‘u&‘n‘u‘n‘n&vu&&‘n‘u‘#un“ 303
. | |l Ne9 . BN i _ | “

4 S e o M | ke
l

. | \\\\ At oo &

= O1'1

~r ®

3 He DIA

9

ay1°'¥7 SO¥ 1

= i 11 R |,

2 oy Vel V2T  ¥vel 427 1£: (4! veaT 114!

z . N VSR VN A W VU .
> ﬂf bﬁ&ﬂ?&&%&&&& PO L n&vnwm&&.’u‘nﬁvd 421791
wO: 1" NeD ]| . N 1)), _ “‘ IVHT
”’%. (- m WP’

,__ ._,.l
AM WW

02 VPT 9T VYT
S;l\u\\

U.S. Patent



!

US 12,467,950 B2

dt Dld

] ) ]
Vel aver 02 del w - 1deT il

N NS W NS NS NS NS

ay1'¥1 ALAl

R AN KR SRR IR NCRAIARARAS RIXIRHKRAA 1w T

| “ i e ._‘ | “_ ¢
“‘N‘Eﬂ Rl S vez-y ] RS dal 9l

o

¢r,

= o1 1—a" Gl HEZ )

‘ d22°'02a°22

E

s 9,

. Ve Ild

=

= av1‘vT P T

2 7 ] T |

’ @ L B W il
28 [N K SR IR IR SRHIXHICHRKRA N1 gp T
¢ S 1 NeD I Iim s vez- || XX g1

NV e aer—— % | i ’
032

oﬁ.ﬁl\\\\\

U.S. Patent

/
Vol cHal dco CbA A AL



US 12,467,950 B2

Sheet 6 of 33

Nov. 11, 2025

U.S. Patent

AN SOHT
Ve pyar 08 ot 1421 _
| | | |
SRR SR SRR IR IN KRR KRR HKKRS BT
oo ST o I S 1 X s—aarer
P T T T T T T T T T T T T T T T T -
ni—e OO O Q)C % % % O C
Ao 14 e e 423 22
AN SOH T
i Vel 02 _ dcl ) _ i _
P T
S MIMTCo A’ —— s
haYe! E———— ] ] o Tl 91

0T T —=~

Ll Ll L L

qz2
(cc C bt



US 12,467,950 B2

Sheet 7 of 33

Nov. 11, 2025

U.S. Patent

16 Old
V2T Lo 02 _ 421
K K
_— vwnwnﬂﬂ«mw%«nm»wn«nﬂn
g2 T — S s il

IS

- ldcl

Vce

S 4 | |
L L L L L

wi—er OOOO0QOUQOQOOC
qz2 Ve 1< 1 £+

gv1°'v1 AV T

s/ N NS

wnwnw»@n«n«n«n«nwnwnuN«n«n«nwvﬁ 49701
|
KX,

VOT°'9T

_ S

42222



US 12,467,950 B2

Sheet 8 of 33

Nov. 11, 2025

U.S. Patent

1,

14924

IVyy

0¥l |\ 148 4

wm@ﬂ 3
(]

ViF
oﬁ:?iiAt\\‘

dv Old

gy  2d2¥  eday |

| __@..__Ew(m@_w,ﬁj u
| S9S L m | I %
1237
102¥ AL
vy .
. dev'ey
202y |||, eogy edev edey

i

10¢cvy
Ot Ay

T142¥
Yoy gayay

1AL 4

B

AT s
-
w ; ﬁ@ﬁ@ﬂﬁ
K
PP
IVey EVey vy
Vovad
AL VIV VOP OF
* AL s Y
N 1
ViV ¥

IVZ¥ evVev
Ve ey



cVv¥

L]

US 12,467,950 B2

|,
VARV .

di¥
|4 47

1491 4
07’1 |&\\

Sheet 9 of 33

oViy

Nov. 11, 2025

V¥ Y0¥
ow;Taza\\\

U.S. Patent

1l 202¥

Rl u
,mgnm Ul tdad
TS

???????

i 202y ||,

I ™ k™ [ [y dny B, ? [ ™

0S¥ ey
10¢cV

W

L_
|

oy ey
10ac¥

W epzy 2d2y  edIv

€ldc¥y ooV Edc¥

- E S
il 5 R (B W A2 PRI WU
Nz BN (G

A7 Old

| X5t 4
dav ey

Ivev
Vv ey

1A 414

14: X3 4 q/.%

IV Ild

_;
i

N
1Hc¥ ¥y | IVeb

Ydo¥  de¥'e¥  guyviy  ver'ey

e I
|

e

W m_ u w A LA il
i e .
Y SN LA 1 PRASA,
immmmmmyﬁmu,Aﬁmmmmu«w,hw,a.j1mmmmw
e e e s s s s

tVab

oY

=

s, [

d9v 9%

ViV vv

- VIV VY

VO¥'9¥F



US 12,467,950 B2

Sheet 10 of 33

Nov. 11, 2025

U.S. Patent

AV Ild

ayv ' ¥v AR

ow,ﬁlb// 6V 19¥¥
e
\I_..».g s I sves T | ces o] v
Vev ey oy cViy \
Vi vy

dy¥ ' vv SO¥ ¥

1] 7, I T

| A T PR,
, \ “ > A —P fi 4‘”““#’1‘1‘*‘1“4%1‘1 w ‘d““““““ vy

SRR SRR NRIRKKS

0FT

N2F q2¥ Vey da¥ 9V



US 12,467,950 B2

Sheet 11 of 33

Nov. 11, 2025

U.S. Patent

vV v¥ A b4
@ 7 Ve ‘ M agv || 02V gy M
__ __ _7_ T
A SRS LA AP T _ --V2s ﬁ
o] 1L s ] [RTsves Tk | I3 4797
ords / J / Sy
A LA A Vel g A YA 4 qzc
3;.\\\\ TG 02G e
adv¥' v At k4 4
a ] 1 1
i 7l K e
e o : _
w“““““& X , 1£:847
d 1
ole..\k\\ VWW‘M ] d.¥°'9V
Gy



US 12,467,950 B2

EJIH// G HIH gy 1% 1

cdvl

L ver 0z q27 i iim
11, I ! )
o TN NN WAL Wl W W N W i N W i W R WP A R NP [ NP N N NP e Ny i Ny PN N NN NN NNy
m O D T N g 0 S O e o m
: ST SR e
. S— X | . LRSS
5 B I B BT
7 gt o S FAIAS MW
O e S U R R
i R o o 7 RN 5
R N e e s
KA A KN F KK K KA KK KKK 4&4&4&4&4&4&&&&&4&Wtﬁ.hr&s? 1dv¥
,

m

L ow ey e v \
ocH¥¥

Nov. 11, 2025

N

0%°1

U.S. Patent



US 12,467,950 B2

G DIA av1'vT

ctdvl

_:

. over oz it S _

S 1arT— [P NCCHANR NSRRI ARIIIK KN a0

T mzz ST~ K L Neo J g S TR e Y.

S ¢ . RN P i 1 R

= JGG GG R LS
¢ 0y —* v““‘”ir W £ .‘111‘00%‘““ ..‘”00*‘1 tr.ifii 11‘0“‘“& ey oy
S R R R R R R R SRR R RIS vy
= Hin o B H

. i 0¥ . qa2v ey vey

&

4

U.S. Patent



US 12,467,950 B2

Sheet 14 of 33

Nov. 11, 2025

U.S. Patent

28V T
a L R !
T T over oz ﬁ .1 iiim _
eyl O e e et
0T — [XX] 1| N am 1N e
S < il > RS
L VA A - S Y E— e — . . N
* S8 B s == o IR NN 5%

K Ly ] KK KKK S L vavavavavava avav:
07— K T R o S R R R R R R A KA

! I\\\\ Jo¥ HeV 6% V¥

VO OIA

cd¥1

T T uiim T

m..w«.—”...w.n | | . dwN.H ON | w_ mNH w MT _
T4v1 R AKANRIIKH I KR IAHIIRIN IR IR II R K
01— L TTNes JISE T R
O Vv Vv A a4’ . - A% e . ey S
VT o0 N R R

????????????

L A Ao o L S SOOI s WRNET brs. YWOTONIROR Nvv., WHTONINENT fiv. SUVHUTIENT lhee WO .. A H! Ao o,

I I.\\\\ Jc¥

m . X we ‘ . b
K ISP ET S ONNC Civavavavavava 2wavi O 09,
el T OO O e B A et
HoV

867 Vcb

gL1°91
Gl

Ct{rds
a.v 9%

dL1°91
Gl

d1cG
‘02G6°'2¢S

gLy '9v




US 12,467,950 B2

J9 DIA
2d¥ 71

e 1] 1 1] ]
m OGH TP T i Vel 02 | M dcl Il iR
i 1davi RIS IR NI
E RS % | KK S—9T
£ N e N9 .WOA i > il VaVu GT
N MNNnNN - 4 Ll - O N\

G¥ w“%¢ i : wum | Sveo _"nn“. Mos é o

oy—" R E— L KA XA A AVAV-AVAvEAyayEa iy L

e T e st

-

_» OOQC

6V

Nov. 11, 2025

SORIRLIALE
q% 14% 1% 15%

U.S. Patent



US 12,467,950 B2

d9 OIA
od¥1
e i i 1 T
P W v e ) mr ) Wi
= 1yt R I NI NAK SIS ISR
- | V"‘A}m VAV AVA .."AP _._t, }}}}}}}iwwﬂm}iii*“‘ﬁh 9T
g R NeD By S HITE %
7% KX . . £ . . . L K C VA
R e
e uimn R % L m‘__,'iﬂ N T PR
. oo I v == o IR =N -@M 0
o10 olslo]o ololotoIoto1o M
> _
= o qo% 14° 12 14*

U.S. Patent



US 12,467,950 B2

19 D1d

ey gy ‘ o “ o n Do
. B R eI el
: AT s T KRS Tagig || e —97
z Yo% MRIINEC SN % RIBCU LRI o % IR 5% %" H2G 2
IR IOIINONIIIDORINY oot
X v‘“‘u Al &. o) v““‘
9% N e
o €%e%e® - ¥%0% % I8 et
E il 437 w 02 ver

_ m m 3§ W _ | m* m _
AR 2q¥ T \

U.S. Patent



US 12,467,950 B2

Sheet 18 of 33

Nov. 11, 2025

U.S. Patent

49014

oV ¥ ¥ G
00000 ASASASAO

R R R SRR — 2

Vov

R e T
B D 2 I st
0T< KSK Hin v
0K 91
NN

qe1 Oc Val
ﬁl\\\\



US 12,467,950 B2

Sheet 19 of 33

Nov. 11, 2025

U.S. Patent




U.S. Patent Nov. 11, 2025 Sheet 20 of 33 US 12,467,950 B2

,/-100

Providing at least one die directly with an end of at least one
compliant electrical structure that forms at least one section

102

Providing at least another die directly with an end of at least

104 another compliant electrical structure that forms at least
another section

Providing at least one compliant support structure about the
at least one die

106

Providing at least another compliant support structure about

108 the at least another die

Providing another end of the at least one compliant electrical
structure directly with another end of the at least another
compliant electrical structure; wherein the another end of the
at least one compliant electrical structure Is opposite to the
end of the at least one compliant electrical structure; and
wherein the another end of the at least another compliant
electrical structure 1s opposite to the end of the at least
another compliant electrical structure

110

Producing a semiconductor package, wherein the at least
112 one section and the at least another section are formed of

pure metal materials

FlG.8



A\ &

aa

= I 6 DIl

& o

~ : I I
& N

4 ¢

H.., mNON{”h_ “ VOote 01¢c

n% _ 082012

00¥2°0¥%2

082012
=
S
:

7022
& 1
S goveore
= H40€2°0T12
2
rd

VO¥2 0o¥e —] u_..._n
D0€2°012 dc0gc

U.S. Patent



222 v 232 V22
22Z~ Ve~ [y 222
V222 Vaae
LAV VANV I AV ANV BY LY RV

N‘N’gﬂ'ﬂi‘)’ﬂf 1&‘?’% ﬂi‘r’ﬁfi

US 12,467,950 B2

A

omm g022°022°012 ‘1\ H&%

c0c (Ic0c

PNV ANV ANV VNNV VANV VNNV AN,

Rt NN B N SRaReeent NN 7o NN S T

iiiiiiii

] ] ] [}
IIIIIIII

A5 EENNNNNNNNY

11111

IIIIIIII

Jclc
V022°'022°012

Pl LAl Ll LR L APl L LR Pl L P L L

m oom|\ V¥02 V302

g

g

2

v, /fﬂﬁﬁ

m .
01 DIA

U.S. Patent




U.S. Patent Nov. 11, 2025 Sheet 23 of 33 US 12,467,950 B2

,/300
302 Connecting a first surface of a mixed signal die to an interconnect

Providing at least one bond pad of at least one input/output

304 (10) connection to a second surface of the mixed signal die
Providing at least another bond pad of the at least one |O
306 connection to the second surface of the mixed signal die,

wherein the at least another bond pad is formed continuously
about the at least one die pad In a non-linear geometry

Providing at least another |0 connection to the second
308 surface of the mixed signal die differing from the at least one
|O connection

Shielding the at least one bond pad of the at least one 10
310 connection, via the at least another bond pad of the at least
one |O connection, from the at least another I/O connection

FiG.11
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602 Providing a probe structure with a first end of a preexisting coaxial
cable to construct a coaxial pad probe

604 Connecting a second end of the preexisting coaxial cable with a
preexisting monitoring device

606 Contacting a first bond pad provided on a mixed signal die via the
probe structure

608 Contacting a second bond pad provided on the mixed signal die
via the probe structure

610 Measuring the S-parameter measurement of the mixed signal die
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SYSTEMS AND METHOD FOR COAXIAL
MEASUREMENT OF RF SIGNAL
PERFORMANCE

TECHNICAL FIELD

The present disclosure generally relates to interconnect-
ing various dies to create semiconductor packages, coaxial
input/output (10) connections provided on dies, and coaxial
probing tools for measuring RF signal performance and
integrity.

BACKGROUND

In the field of electronics, semiconductor packages or
integrated circuit packages include one or more semicon-
ductor materials and components that are encapsulated 1n a
supporting case or package to prevent damage, corrosion, or
other harmiul events to the integrated circuit. Once manu-
factured, these semiconductor packages may be mounted
and/or interconnected with a printed-circuit board (or PCB).
Generally, however, mounting and/or interconnecting these
semiconductor packages to a PCB require specific methods
and techniques to ensure electrical designs, mechanical
designs, and thermal designs are met as dictated by the
implantation of the semiconductor packages.

To combat these design hurdles, semiconductor packages
may use various devices, such as interposers, substrates, and
other devices or the like, to interconnect semiconductor dies
and other electrical devices 1n a single semiconductor pack-
ages. However, such methods of interconnecting electrical
devices require various electrical, mechanical, and thermal
designs. In one 1nstance, a {irst set of electrical devices may
need to be positioned at the perimeter of the interposer or
substrate for electrical purposes while a second set of
clectrical devices may need to be positioned towards the
center of the interposer or substrate; such specific design
parameters may impede or hinder performance of the semi-
conductor package and/or increase the overall size, shape,
and configuration of the semiconductor package. In another
instance, conventional electrical connections, such as wiring
bonding, solder balls, copper pillars, silicon bridges, etc.,
may be required to electrically interconnect various dies
together along with other electrical component based on the
implementation of the semiconductor package; such use of
these electrical connections may impede or hinder perfor-
mance ol the semiconductor package and/or increase the
overall size, shape, and configuration of the semiconductor
package.

Furthermore, testing and/or probing of bond pads, such as
bond pads of radio frequency mput/output connections, as
provided on the semiconductor dies 1s rather dithcult and
costly for users of these semiconductor pads. Given the size,
shape, and configuration of specific bond pads on a small
semiconductor die, the probing of these specific bond pads
with convention coaxial probes may become tedious and
time consuming. In conventional probe tips of coaxial
probes, these probe tips generally comprise of a coaxial
cable that transitions to independent spring fingers and/or
tips 1 a ground-signal-ground coplanar wavelength config-
ured to match general radio frequency 1mput/output connec-
tions. However, these conventional probe tips may lack the
specific characteristics of shielding for test purposes. More-
over, conventional coaxial probes used to test bond pads of
radio frequency input/output connections are rather costly
for users. Even with such costs, these conventional probes
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2

also lack 1n operating over a wider ranges ol frequencies
given the configuration of these coaxial probes.

SUMMARY

In one aspect, an exemplary embodiment of the present
disclosure may provide a semiconductor package. The semi-
conductor package may include at least one section having
at least one die and at least one electrical structure operably
engaged directly with the at least one die. The semiconduc-
tor package may also include at least another section having
at least another die and at least another electrical structure
operably engaged directly with the at least another die. The
at least one section and the at least another section directly
engage with one another via waler bonding of the at least
one electrical structure and the at least another electrical
structure. The at least one section and the at least another
section are also formed entirely of metal materials.

This exemplary embodiment or another exemplary
embodiment may further include that the at least one section
comprises: at least one complaint support structure operably
engaged with the at least one die and the at least one
electrical structure; wherein the at least one die and the at
least one electrical structure are encased by the at least one
compliant support structure. This exemplary embodiment or
another exemplary embodiment may turther include that the
at least one complaint support structure further includes a
stochastic structure or a non-stochastic structure. This exem-
plary embodiment or another exemplary embodiment may
further include that the at least another section comprises: at
least another compliant support structure operably engaged
with the at least another die and the at least another electrical
structure; wherein the at least another die and the at least
another electrical structure are encased by the at least
another compliant support structure. This exemplary
embodiment or another exemplary embodiment may further
include that the at least another complaint support structure
further includes a stochastic structure or a non-stochastic
structure. This exemplary embodiment or another exemplary
embodiment may further include at least one air cavity
structure provided between the at least one die and the at
least one electrical structure of the at least one section or the
at least another die and the at least another electrical
structure of the at least another section. This exemplary
embodiment or another exemplary embodiment may further
include that the at least one section further comprises: a first
temporary carrier operably engaged at a first position with
cach of the at least one die and remote from the at least one
clectrical structure. This exemplary embodiment or another
exemplary embodiment may further include that the at least
one section further comprises: at least one air cavity struc-
ture provided between the at least one die and the at least one
electrical structure of the at least one section; and a first
temporary carrier operably engaged at a first position with
cach of the at least one air cavity structure and remote from
the at least one electrical structure. This exemplary embodi-
ment or another exemplary embodiment may further include
that the at least one section further comprises: a second
temporary carrier operably engaged at a second position
with the at least one die and remote from the at least one
clectrical structure; wherein when the first temporary carrier
1s removed from the at least one die and the at least one
clectrical structure, the second temporary carrier operably
engages with the at least one die, and wherein when the first
temporary carrier engages the at least one die and the at least
one compliant structure, the second temporary carrier does
not engage the at least one die. This exemplary embodiment
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or another exemplary embodiment may further include that
the at least another section further comprises: a third tem-
porary carrier operably engaged at a first position with each
of the at least another die and remote from the at least
another electrical structure. This exemplary embodiment or
another exemplary embodiment may further include that the
at least another section further comprises: a fourth tempo-
rary carrier operably engaged at a second position with the
at least another die and remote from the at least another
clectrical structure; wherein when the third temporary car-
rier 1S removed from the at least another die, the fourth
temporary carrier operably engages with the at least another
die.

In another aspect, an exemplary embodiment of the pres-
ent disclosure may provide a method. The method may
comprise steps ol providing at least one die engaged directly
with an end of at least one electrical structure that forms at
least one section; providing at least another die engaged
directly with an end of at least another electrical structure
that forms at least another section; providing at least one
compliant support structure positioned about the at least one
die; providing at least another compliant support structure
positioned about the at least another die; providing another
end of the at least one electrical structure engaged directly
with another end of the at least another electrical structure;
wherein the another end of the at least one electrical struc-
ture 1s opposite to the end of the at least one electrical
structure; and wherein the another end of the at least another
clectrical structure 1s opposite to the end of the at least
another electrical structure; and producing a semiconductor
package, wherein the at least one section and the at least
another section are formed entirely of metal matenals.

This exemplary embodiment or another exemplary
embodiment may further include steps of providing at least
one temporary carrier directly engaged with an end of the at
least one die; and providing at least another temporary
carrier directly engaged with the at least one compliant
support structure and towards an opposite end of the at least
one die; wherein the steps of providing the at least one
temporary carrier directly engaged with the end of the at
least one die and providing at least another temporary carrier
directly engaged with the at least one compliant support
structure and towards the opposite end of the at least one die
are completed prior to the step of providing the at least one
die directly with the end of the at least one electrical
structure that forms the at least one section. This exemplary
embodiment or another exemplary embodiment may further
include a step of providing an air cavity structure between
the at least one die one of the at least one temporary carrier.
This exemplary embodiment or another exemplary embodi-
ment may further include a step of removing the at least one
temporary carrier from the at least one die and the at least
one compliant support structure prior to the step of provid-
ing the at least one die directly engaged directly with the end
of the at least one electrical structure that forms the at least
one section. This exemplary embodiment or another exem-
plary embodiment may further include steps of providing at
least one temporary carrier directly engaged with an end of
the at least another die; and providing at least another
temporary carrier directly engaged with the at least another
compliant support structure and towards an opposite end of
the at least another die; wherein the steps of providing at
least one temporary carrier directly engaged with the end of
the at least another die and providing at least another
temporary carrier directly engaged with the at least another
compliant support structure and towards the opposite end of
the at least another die are completed prior to the step of
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4

providing the at least another die directly with the end of at
least another electrical structure that forms the at least
another section. This exemplary embodiment or another
exemplary embodiment may further include a step of pro-
viding an air cavity between the at least another die and the
at least one temporary carrier. This exemplary embodiment
or another exemplary embodiment may further include a
step of removing the at least one temporary carrier from the
at least another die and the at least one compliant support
structure prior to the step of providing at least another die
directly with the end of the at least another electrical
structure that forms the at least another section. This exem-
plary embodiment or another exemplary embodiment may
turther include steps of providing a plurality of solder balls
with one of the at least one section and the at least another
section; and testing the semiconductor package via the
plurality of solder balls. This exemplary embodiment or
another exemplary embodiment may further include steps of
providing a plurality of solder balls with one of the at least
one section and the at least another section; and providing a
second semiconductor package with the semiconductor
package.

In yet another aspect, an exemplary embodiment of the
present disclosure may provide a semiconductor package.
The semiconductor package may comprise an mterconnect;
a mixed signal die having a first surface operably engaged
with the interconnect and a second surface opposite to the
first surface; and at least one set of mput/output (I10)
connections on the mixed signal die. The at least one set of
IO connections 1s configured to be electromagnetically
shielded 1n a non-linear geometry from at least another set
ol IO connections that 1s different from the at least one set
of 10 connections.

This exemplary embodiment or another exemplary
embodiment may further include that the at least one set of
IO connections further comprises: at least one radio fre-
quency (RF) connection formed on the mixed signal die;
wherein at least one bond pad of the at least one RF
connection 1s configured to be electromagnetically shielded
in a non-linear geometry from the at least another set of 10
connections adjacent to the at least one RF connection. This
exemplary embodiment or another exemplary embodiment
may further include that the at least one set of 10 connec-
tions further comprises: at least one radio frequency (RF)
connection formed on the mixed signal die; the at least one
RF connection comprises: a first bond pad; and a second
bond pad circumierentially surrounded by the first bond pad
in a continuous, non-linear geometry to electromagnetically
shield the second bond pad. This exemplary embodiment or
another exemplary embodiment may further include that the
at least one set of 10 connections further comprises: at least
one radio frequency (RF) connection formed to the second
surface of the mixed signal die; the at least one RF connec-
tion comprises: a first bond pad; and a second bond pad
circumierentially surrounded by the first bond pad 1n a
continuous, curvilinear shape to electromagnetically shield
the second bond pad. This exemplary embodiment or
another exemplary embodiment may further include at least
one electromagnetic mterference (EMI) fence formed to the
second surface of the mixed signal die and formed with the
at least one RF connection; wherein the at least one EM

tence 1s configured to electromagnetically shield the second
bond pad of the at least one RF connection. This exemplary
embodiment or another exemplary embodiment may further
include that the at least one EMI fence comprises: a first end
formed with the first bond pad of the at least one RF
connection; a second end opposite to the first end and remote
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from the first bond pad of the at least one RF connection; and
at least one curve formed between the first end and the
second end. This exemplary embodiment or another exem-
plary embodiment may further include that the at least one
set of IO connections further comprises: at least another RF
connection on the mixed signal die and positioned adjacent
to the at least one RF connection; the at least another RF
connection comprises: a first bond pad; and a second bond
pad circumierentially surrounded by the first bond pad 1n a
continuous, non-linear geometry to electromagnetically
shield the second bond pad. This exemplary embodiment or
another exemplary embodiment may further include at least
another EMI fence on the mixed signal die and formed with
the at least another RF connection; wherein the at least one
EMI fence 1s configured to electromagnetically shield the
second bond pad of the at least one RF connection. This
exemplary embodiment or another exemplary embodiment
may further include that the at least another EMI fence
comprises: a first end formed with the first bond pad of the
at least another RF connection; a second end opposite to the
first end and remote from the first bond pad of the at least
another RF connection; and at least another curve shape
formed between the first end and the second end. This
exemplary embodiment or another exemplary embodiment
may further include that the first bond pad further comprises:
a first surface; a second surface extending from the first
surface; a circumierential wall extending between the first
surface and the second surface; wherein each of the first
surface, the second surface, and the circumferential wall 1s
continuous and uninterrupted. This exemplary embodiment
or another exemplary embodiment may further include that
the mixed signal die comprises: a first peripheral edge; a
second peripheral edge being perpendicular to the first
peripheral edge; a third peripheral edge being parallel with
the first peripheral edge and perpendicular to the second
peripheral edge; and a fourth peripheral edge being parallel
with the second peripheral edge and perpendicular to the
third peripheral edge; wherein the at least one RF connection
1s located interior to the first peripheral edge, the second
peripheral edge, the third peripheral edge, and the fourth
peripheral edge. This exemplary embodiment or another
exemplary embodiment may further include that the mixed
signal die comprises: a first peripheral edge; a second
peripheral edge being perpendicular to the first peripheral
edge; a third peripheral edge being parallel with the first
peripheral edge and perpendicular to the second peripheral
edge; and a fourth peripheral edge being parallel with the
second peripheral edge and perpendicular to the third
peripheral edge; wherein the at least one RF connection 1s
located proximate to at least one of the first peripheral edge,
the second peripheral edge, the third peripheral edge, and the
fourth peripheral edge.

In yet another aspect, an exemplary embodiment of the
present disclosure may provide a method. The method may
comprise steps of connecting a first surface of a mixed signal
die to an interconnect; providing at least one bond pad of at
least one 1nput/output (I0) connection on the mixed signal
die; providing at least another bond pad of the at least one
IO connection on the mixed signal die, wherein the at least
another bond pad 1s formed continuously about the at least
one die pad 1n a non-linear geometry; providing at least
another 10 connection on the mixed signal die differing from
the at least one IO connection; and shielding the at least one
bond pad of the at least one 10 connection, via the at least
another bond pad of the at least one 10 connection, from the
at least another I/O connection.
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This exemplary embodiment or another exemplary
embodiment may further include that the at least one 10
connection 1s a radio frequency (RF) connection. This
exemplary embodiment or another exemplary embodiment
may further include steps of engaging an inner conductor of
a coaxial cable with the at least one bond pad of the at least
one IO connection; and engaging an outer conductor of the
coaxial cable with the at least one another pad of the at least
one IO connection; wherein the coaxial cable 1s directly
connected to the mixed signal die. This exemplary embodi-
ment or another exemplary embodiment may further include
a step of providing the at least one bond pad of the at least
one 10 connection and the at least one bond pad of the at
least IO connection proximate to at least one of a first
peripheral edge of the mixed signal die, a second peripheral
edge of the mixed signal die, a third peripheral edge of the
mixed signal die, and a fourth peripheral edge of the mixed
signal die or remote from a first peripheral edge of the mixed
signal die, a second peripheral edge of the mixed signal die,
a third peripheral edge of the mixed signal die, and a fourth
peripheral edge of the mixed signal die. This exemplary
embodiment or another exemplary embodiment may further
include a step of providing at least one electromagnetic
interference (EMI) fence formed to the second surface of the
mixed signal die and formed with the at least one IO
connection; wherein the at least one EMI fence 1s configured
to electromagnetically shield the first bond pad of the at least
one IO connection. This exemplary embodiment or another
exemplary embodiment may further include steps of pro-
viding at least one bond pad of a third input/output 10
connection to the second surface of the mixed signal die;
providing at least another bond pad of the third 10 connec-
tion to the second surface of the mixed signal die, wherein
the at least another bond pad of the third 10 connection 1s
formed continuously about the at least one die pad 1n a
non-linear geometry; providing a fourth 10 connection to the
second surface of the mixed signal die differing from the at
least one 10 connection; and shielding the at least one bond
pad of the third IO connection, via the at least another bond
pad of the third IO connection, from the fourth I/O connec-
tion. This exemplary embodiment or another exemplary
embodiment may further include steps of engaging an inner
conductor of a second coaxial cable with the at least one
bond pad of the third 10 connection; and engaging an outer
conductor of the second coaxial cable with the at least one
another pad of the third 10 connection; wherein the second
coaxial cable 1s directly connected to the mixed signal die.
This exemplary embodiment or another exemplary embodi-
ment may further include a step of providing at least another
EMI fence formed to the second surface of the mixed signal
die and formed with the third IO connection; wherein the at
least another EMI fence 1s configured to electromagnetically
shield the at least one bond pad of the third 10 connection.

In yet another aspect, an exemplary embodiment of the
present disclosure may provide a coaxial pad probe for
coupling with a preexisting coaxial cable having a first end
and a second end opposite to the first end and remote from
the analyzing device. The coaxial pad probe may comprise
of a probe operably engaged with the second end of the
preexisting coaxial cable. The probe may be configured to
directly contact a coaxial input/output (I10) connection pro-
vided on a mixed signal die or a coplanar 10O connection
provided on the mixed signal die for measuring S-parameter
measurement of the mixed signal die.

This exemplary embodiment or another exemplary
embodiment may further include that the probe defines a
tapered configuration. This exemplary embodiment or
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another exemplary embodiment may further include that the
probe comprises: a support structure operably engaged with
second end of the preexisting coaxial cable; and a probe tip
operably engaged with the support structure and configured
to directly contact with the selected coaxial 10 connection
provided on the mixed signal die or the coplanar 10 con-
nection provided on the mixed signal die. This exemplary
embodiment or another exemplary embodiment may further
include that the support structure comprises: a first end of the
support structure operably engaged with the second end of
the preexisting coaxial cable and defining a first diameter;
and a second end of the support structure opposite to the first
end of the support structure and operably engaged with the
probe tip and defining a second diameter; wherein the first
diameter 1s greater than the second diameter. This exemplary
embodiment or another exemplary embodiment may further
include that the probe tip comprises: a first end of the probe
tip operably engaged with the second end of the support
structure; a second end of the probe tip opposite to the first
end of the probe tip and configured to directly contact with
the selected coaxial 10 connection provided on the mixed
signal die or the coplanar 10 connection provided on the
mixed signal die; a first diameter defined at the first end; and
a second diameter defined at the second end that 1s equal
with the first diameter. This exemplary embodiment or
another exemplary embodiment may further include that the
support structure comprises: a first end of the support
structure operably engaged with the second end of the
preexisting coaxial cable and defining a first diameter; and
a second end of the support structure opposite to the first end
of the support structure and operably engaged with the probe
tip and defining a second diameter; wherein the first diam-
cter and the second diameter are equal with one another. This
exemplary embodiment or another exemplary embodiment
may further include that the support structure further com-
prises: a lirst outer connection operably engaged with an
outer conductor of the preexisting coaxial cable at the
second end of the preexisting coaxial cable. This exemplary
embodiment or another exemplary embodiment may further
include that the support structure further comprises: a first
inner connection operably engaged to an inner conductor of
the preexisting coaxial cable at the second end of the
preexisting coaxial cable; wherein the first inner connection
1s positioned inside of the first outer connection and 1s free
from connecting with the first outer connection. This exem-
plary embodiment or another exemplary embodiment may
turther include that the support structure further comprises:
a dielectric component operably engaged with the first outer
connection and the first inner connection; wherein the
dielectric component suspends the {first mner connection
inside of the first outer connection. This exemplary embodi-
ment or another exemplary embodiment may further include
that the probe tip further comprises: a second outer connec-
tion operably engaged with the first outer connection;
wherein the second outer connection and the outer conductor
are 1n electrical communication with one another via the first
outer connection. This exemplary embodiment or another
exemplary embodiment may further include that the probe
tip further comprises: a second inner connection operably
engaged with the first inner connection; wherein the second
inner connection 1s positioned inside of the second outer

connection and 1s free from connecting with the second
outer connection; wherein the second inner connection and
the inner conductor are 1n electrical communication with one
another via the first mnner connection of the support struc-
ture. This exemplary embodiment or another exemplary
embodiment may further include that the probe tip further
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comprises: a dielectric component operably engaged with
the second outer connection and the second inner connec-
tion; wherein the air dielectric suspends the second inner
connection 1nside of the second outer connection. This
exemplary embodiment or another exemplary embodiment
may further include a protruding structure extending from
the support structure and the probe tip; wherein the protrud-
ing structure 1s configured to directly contact the coplanar 10
connection provided on the mixed signal die for measuring
S-parameter measurement of the mixed signal die. This
exemplary embodiment or another exemplary embodiment
may further include that the protruding structure further
comprises: a first end operably engaged with the support
structure and the probe tip; a second end opposite to the first
end and remote from the support structure and the probe tip;
and a side passageway extending between the first end and
the second end. This exemplary embodiment or another
exemplary embodiment may further include that the support
structure further comprises: a first outer connection operably
engaged with an outer conductor of the preexisting coaxial
cable at the second end of the preexisting coaxial cable; and
a lirst 1nner connection operably engaged to an inner con-
ductor of the preexisting coaxial cable at the second end of
the preexisting coaxial cable and 1s positioned inside of the
first outer connection and 1s free from connecting with the
first outer connection; wherein the probe tip further com-
prises: a second outer connection operably engaged with the
first outer connection; and a second i1nner connection oper-
ably engaged to the first mnner connection and 1s free from
connecting with the {first outer connection; wherein the
second 1nner connection 1s positioned inside of the second
outer connection and positioned 1nside of the protruding
structure.

In yet another aspect, an exemplary embodiment of the
present disclosure may provide a method for measuring an
S-parameter measurement of a mixed signal die. The method
may comprise steps of connecting a first end of a coaxial
cable with an analyzing device; providing a probe with a
second end of the coaxial cable to construct a coaxial pad
probe; contacting a first bond pad provided on the mixed
signal die with the probe; contacting a second bond pad
provided on the mixed signal die with the probe; and
measuring the S-parameter measurement of the mixed signal
die.

This exemplary embodiment or another exemplary
embodiment may further include that the step of measuring
the S-parameter measurement ol the mixed signal die 1s
accomplished by measuring an electrical signal at a coaxial
input/output (10) connection provided on the mixed signal
die or a coplanar 10 connection provided on the mixed
signal die. This exemplary embodiment or another exem-
plary embodiment may further include that the step of
providing the probe with the first end of the coaxial cable
further comprises: providing a first outer connection of a
support structure of the probe with an outer conductor of the
coaxial cable; providing a first inner connection of the
support structure of the probe with an inner conductor of the
coaxial cable; providing a second outer connection of a
probe tip of the probe with the first outer connection of the
support structure; and providing a second 1mner connection
of the probe tip of the probe with the first inner connection
of the support structure. This exemplary embodiment or
another exemplary embodiment may further include that the
step ol contacting the first bond pad provided on the mixed
signal die further comprises: contacting the second outer
connection with the first bond pad provided on the mixed
signal die; and wherein the step of contacting the second
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bond pad provided on the mixed signal die further com-
prises: contacting the second inner connection with the
second bond pad provided on the mixed signal die; wherein
the mixed signal die 1s a coaxial 10 connection. This
exemplary embodiment or another exemplary embodiment
may further include that the step of providing the probe with
the first end of the coaxial cable further comprises: provid-
ing a first outer connection of a support structure of the
probe with an outer conductor of the coaxial cable; provid-
ing a first mner connection of the support structure of the
probe with an mner conductor of the coaxial cable; provid-
ing a second outer connection of a probe tip of the probe
with the first outer connection of the support structure;
providing a second mner connection of the probe tip of the
probe with the first inner connection of the support structure;
providing a protruding structure with the first outer connec-
tion and the second outer connection; wherein the second
inner connection 1s provided inside of the protruding struc-
ture. This exemplary embodiment or another exemplary
embodiment may further include that the step of contacting
the first bond pad provided on the mixed signal die further
comprises: contacting the second outer connection and the
protruding structure with the first bond pad provided on the
mixed signal die; and wherein the step of contacting the
second bond pad provided on the mixed signal die further
comprises: contacting the second mnner connection with the
second bond pad provided on the mixed signal die; wherein
the mixed signal die 1s a coplanar 10 connection.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

Sample embodiments of the present disclosure are set
torth in the following description, are shown 1n the drawings
and are particularly and distinctly pointed out and set forth
in the appended claims.

FIG. 1 1s a section view of a semiconductor package
according to one aspect of the present disclosure.

FIG. 2A 1s a side elevation view of a first section of the
semiconductor package, wherein one or more dies are oper-
ably engaged with a first temporary carrier of the first
section.

FIG. 2B 1s a side elevation view similar to FIG. 2A, but
a compliant support structure operably engages with the one
or more dies and the first temporary carrier.

FIG. 2C 1s a side elevation view similar to FIG. 2B, but
a thermal conductive structure operably engages with the
compliant support structure.

FIG. 2D 1s a side elevation view similar to FIG. 2C, but
a temporary support of compliant support structure is
removed.

FIG. 2E 1s a side elevation view similar to FIG. 2D, but
the first section 1s mverted and a second temporary carrier 1s
introduced to the first section.

FIG. 2F 1s a side elevation view similar to FIG. 2E, but the
first temporary support 1s removed from the first section and
second temporary carrier operably engages with the com-
pliant support structure.

FIG. 3A 15 a side elevation view of operably engaging an
clectrical structure with the first section.

FIG. 3B 1s a side elevation view similar to FIG. 3A, but
an exterior dielectric 1s operably engaged with the electrical
structure.

FIG. 3C 1s a side elevation view similar to FIG. 3B, but
a first temporary dielectric 1s removed from the electrical
structure.

10

15

20

25

30

35

40

45

50

55

60

65

10

FIG. 3D 1s a side elevation view similar to FIG. 3C, but
a plurality of solder balls operably engages with the elec-
trical structure of the first section.

FIG. 3E 1s a side elevation view similar to FIG. 3D, but
a second temporary dielectric 1s removed from the electrical
structure.

FIG. 4A 1s a side elevation view of manufacturing a
second section of the semiconductor package, wherein one
or more dies are operably engaged with a first temporary
carrier ol the second section.

FIG. 4B 1s a side elevation view similar to FIG. 4A, but
a compliant support structure operably engages with the one
or more dies and the first temporary carrier.

FIG. 4C 1s a side elevation view similar to FIG. 4B, but
a thermal conductive structure operably engages with the
compliant support structure.

FIG. 4D 1s a side elevation view similar to FIG. 4C, but
a temporary support of compliant support structure 1is
removed.

FIG. 4E 1s a side elevation view similar to FIG. 4D, but
irises are added to the compliant support structure.

FIG. 4F 1s a side elevation view similar to FIG. 4E, but the
second section 1s mverted and a second temporary carrier 1s
introduced to the first section.

FI1G. 4G 1s a side elevation view similar to FIG. 4F, but the
first temporary support 1s removed from the second section
and second temporary carrier operably engages with the
complaint support structure.

FIG. 5A 15 a side elevation view of operably engaging an
clectrical structure with the second section.

FIG. 5B 15 a side elevation view similar to FIG. SA, but
the second section 1s 1nverted and aligned with the first
section.

FIG. 5C 1s a side elevation view similar to FIG. 5B, but
the electrical structure of the second section operably
engages with the electrical structure of the first section.

FIG. 6A 1s a side elevation view of the second temporary
carrier of the second section being removed from the com-
pliant support structure along with plating exterior dielectric
to the second section.

FIG. 6B 1s a side elevation view similar to FIG. 6 A, but
a first temporary dielectric 1s removed from the second
section.

FIG. 6C 1s a side elevation view similar to FIG. 6B, but
a plurality of solder balls operably engages with the elec-
trical structure of second section.

FIG. 6D 1s a side elevation view similar to FIG. 6C, but
a second temporary dielectric 1s removed from the second
section.

FIG. 6E 1s a side elevation view similar to FIG. 6D, but
the combination of the first section and second section 1s
inverted.

FIG. 6F 1s a side elevation view similar to FIG. 6F, but the
second temporary carrier 1s removed from the first section.

FIG. 7 1s a side elevation view of testing the semicon-
ductor package.

FIG. 8 1s an exemplary method flowchart.

FIG. 9 15 a top plan view of a semiconductor die having
sets of mput/output (10) connections 1n accordance with one

aspect of the present disclosure.

FIG. 10 1s a cross-sectional view of the semiconductor die
taken 1n the direction of line 10-10 shown 1n FIG. 9.

FIG. 11 1s another exemplary method flowchart.

FIG. 12 1s a bottom, front, side 1sometric perspective view
ol a coaxial pad probe 1n accordance with one aspect of the
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present disclosure, wherein a probe and a preexisting coaxial
cable of the coaxial pad probe are exploded away from one

another.

FIG. 13A 1s a partial sectional view of the coaxial pad
probe shown 1n FIG. 12, wherein the probe and the preex-
1sting coaxial cable are exploded away from one another.

FIG. 13B 1s another partial sectional view similar to FIG.
13 A, but the probe 1s provided with the preexisting coaxial
cable.

FIG. 13C 1s another partial sectional view similar to FIG.
13B, but the probe directly contacts a coaxial 10 pad of a
semiconductor die.

FIG. 14 1s a top plan view of the coaxial 10 pad of the
semiconductor die taken 1n the direction of line 14-14 shown
in FIG. 13C.

FI1G. 15 1s a bottom, front, side isometric perspective view
of a coaxial pad probe 1n accordance with another aspect of
the present disclosure, wherein a probe and a preexisting
coaxial cable of the coaxial pad probe are exploded away
from one another.

FIG. 16 1s a partial sectional view of coaxial pad probe
shown 1n FIG. 15, but the probe directly contacts a coplanar
IO pad of a semiconductor die.

FIG. 17 1s a top plan view of the coplanar IO pad of the
semiconductor die taken 1n the direction of line 17-17 shown
in FIG. 16.

FIG. 18 1s a bottom, front, side 1sometric perspective view
of an alternative probe of the probe shown in FIG. 12.

FI1G. 19 1s a bottom, front, side 1sometric perspective view
of an alternative probe of the probe shown in FIG. 15.

FIG. 20 1s another exemplary flowchart.

Similar numbers refer to similar parts throughout the
drawings.

DETAILED DESCRIPTION

FIGS. 1-7 illustrate a semiconductor package 1 that
adaptively interconnects at least one mixed signal die or
semiconductor die with an additive water level packaging
technology for incorporating radio frequency (RF) devices,
passive electrical devices, and optical couplings provided in
a compliant interconnect. With respect to compliant inter-
connects, the semiconductor package 1 described and 1llus-
trated may incorporate at least one interconnect that has
coellicient of thermal expansion (or CTE) compliant geom-
etries and thermal management solutions and/or structures
free from using solder alloys or epoxy mold compounds
between the at least one mixed signal die and the compliant
interconnect. Such components and elements of the semi-
conductor package 1 are described 1n more detail below.

It should be appreciated that the term “compliant” or other
derivatives similar to “compliant” describing complaint
interconnects simply means that the each interconnect may
meet a desired coellicient of thermal expansion for desired
structural geometries of each interconnect and/or desired
thermal management solutions or gradient heat dissipation
geometries of each interconnect. Stated differently, the term
“comphant” or other denivatives similar to “compliant™
describing complaint interconnects simply means that any
usable or suitable material may be used for package thermal
management that will not compromise or hinder the perfor-
mance of the interconnect during operation.

Referring to FIGS. 1-3E, the semiconductor package 1
includes at least one portion or first section 10 that includes
at least one mixed signal die or semiconductor die (herein-
after “die””) generally referred to as numeral 12. The at least
one die 12 may include any suitable elements and/or com-
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ponents for generating various mixed signals dictated by the
implementation of the semiconductor package 1. In at least
one instance, semiconductor package 1 includes a first die
12A and a second die 12B 1n this specific implementation of
semiconductor package 1 where the first die 12A and the
second die 12B may be configured to generate mixed
signals. In other exemplary instances, semiconductor pack-
age 1 may include any suitable number of semiconductor
dies configured to generate mixed signals dictated by the
implementation of the semiconductor package 1.

As 1llustrated 1n FIGS. 1-3E, the first die 12 A includes a
first surface or mactive surface 12A1 that 1s free from 1nput
and output locations. First die 12A also includes a second
surface or active surface 12A2 that 1s opposite to the mnactive
surface 12A1 and includes the mnput and output locations of
the first die 12A. First die 12A may also include a first side
12A3 defined between the mmactive surface 12A1 and the
active surface 12A2 and 1s free from 1input and output
locations. First die 12A may also include a second side 12A4
defined between the inactive surface 12A1 and the active
surface 12A2 that 1s opposite to the first side 12A3 and 1s
free from input and output locations.

Similarly, as 1llustrated in FIGS. 1-3E, the second die 12B
includes a first surface or mactive surface 12B1 that is free
from mput and output locations. Second die 12B also
includes a second surface or active surface 12B2 that 1s
opposite to the mactive surtace 12B1 and includes the input
and output locations of the second die 12B. Second die 12B
may also include a first side 12B3 defined between the
inactive surtace 12B1 and the active surface 12B2 and 1s free
from mput and output locations. Second die 12B may also
include a second side 12B4 defined between the mactive
surface 12B1 and the active surface 12B2 that 1s opposite to
the first side 12B3 and i1s free from input and output
locations.

The first die 12A and the second die 12B may be formed
of any suitable semiconductor materials conventionally and
commercially available 1n the field of semiconductor pack-
ages. In one aspect, first die 12A may be formed of a first
matenal (e.g., gallium nitride), and the second die 12B may
be formed of a second material (e.g., silicon) that 1s different
than the first material of the first die 12A. In another aspect,
first die 12A may be formed of a first material, and the
second die 12B may be formed of a second matenal that 1s
the same as the first matenial of the first die 12A. It should
be appreciated that a first die and a second die of a
semiconductor package may be formed of any suitable
semiconductor materials discussed herein and convention-
ally and commercially available 1n the field of semiconduc-
tor packages.

Referring to FIGS. 2A-3E, the first section 10 also
includes at least one temporary carrier or temporary work-
piece holder, generally referred to as numeral 14, that
operably engages with that least one die 12. The at least one
temporary carrier 14 may include any suitable elements
and/or components or structural configuration for operably
engaging with at least one die 12 as dictated by the imple-
mentation of the semiconductor package 1. In at least one
instance, semiconductor package 1 includes a first tempo-
rary carrier 14 A that operably engages with the first die 12A
and the second die 12B and a second temporary carrier 14B
that operably engages with a compliant support structure of
the first section 10, which 1s described 1n more detail below.
In other exemplary instances, semiconductor package 1 may
include any suitable number of temporary carriers config-
ured operably engage with at least one die described and
illustrated herein.
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Referring to FIG. 2A, the first temporary carrier 14A
includes a first surface or engaging surface 14A1 that is
configured to operably engage with the at least one die 12.
In the 1llustrated embodiment, the engaging surface 14A1 of
the first temporary carrier 14A 1s configured to operably
engage with the first die 12A and the second die 12B. In
other exemplary embodiments, the engaging surface 14A1
of the first temporary carrier 14A 1s configured to operably
engage with any suitable number of dies as dictated by the
implementation of the semiconductor package 1. As
described 1n more detail below, the first temporary carrier
14 A 1s configured to be removed and/or separated {from the
first die 12 A and the second die 12B upon manufacturing the
semiconductor package 1; as such, the first temporary carrier
14A 1s a removable and/or separable component from the
first die 12 A and the second die 12B. First temporary carrier
14 A also includes a second surface or non-engaging surface
14A2 that 1s opposite to the engaging surface 14A1 and
remote from the first die 12A and the second die 12B. During,
manufacturing processes, the second surface 14 A2 may rest
on a work surface or support surface as the first section 10
1s being manufactured.

It should be appreciated that the first die 12A and the
second die 12B may be operably engaged at any suitable
location on the engaging surface 14A1 of first temporary
carrier 14 A as dictated by the shape, size, and configuration
of the first temporary carrier 14A.

Referring to FIG. 2E, the second temporary carrier 14B
also 1ncludes a first surface or engaging surface 14B1 that 1s
configured to operably engage with at least one compliant
support structure of first section 10 of semiconductor pack-
age 1, which 1s described 1n more detail below. In other
exemplary embodiments, the engaging surface 14B1 of the
second temporary carrier 14B 1s configured to operably
engage with any suitable number of compliant support
structures as dictated by the implementation of the semi-
conductor package 1. As described 1in more detail below, the
second temporary carrier 14B 1s configured to be removed
and/or separated from a compliant support structure upon
manufacturing the semiconductor package 1; as such, the
second temporary carrier 14B 1s a removable and/or sepa-
rable component from the compliant support structure at the
engaging surface 14B1. Second temporary carrier 14B also
includes a second surface or non-engaging surface 14B2 that
1s opposite to the engaging surface 14B1 and remote from a
compliant support structure of first section 10 of semicon-
ductor package 1. During manufacturing processes, the
second surface 14B2 may rest on a work surface or support
surface as the first section 10 1s being manufactured.

Referring to FIG. 2F, an interconnect dielectric 15 may be
provided between the first die 12A and the second die 12B
and the first temporary carrier 14A. Such use of the inter-
connect dielectric 15 may protect the active surfaces 12A2,
12B2 of the first die 12A and the second die 12B until the
semiconductor package 1 1s constructed. As such, intercon-
nect dielectric 15 may be temporary and removable from the
first die 12 A and the second die 12B once the semiconductor
package 1 1s constructed.

As best seen 1 FIGS. 2B-2D, at least one compliant
support structure 16 A may be provided 1n the first section 10
of semiconductor package 1. In the 1llustrated embodiment,
first section 10 includes a single compliant support structure
16 A formed about the perimeter of the first section 10 while
encapsulating and/or encasing the first die 12A and the
second die 12B nside of the compliant support structure
16 A. Compliant support structure 16A 1s also operably
engaged with the first temporary carrier 14A, specifically
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with the engaging surface 14A1 of first temporary carrier
14A. The compliant support structure 16A 1s configured to
provide translational support to the first die 12A and the
second die 12B in the horizontal or lateral directions to
prevent the first die 12A and the second die 12B from
shifting or rotating along the engaging surface 14 A1l of the
first temporary carrier 14A.

It should be understood that compliant support structure
16 A and/or thermally conductive structure 168 may include
a temporary or removable support 17A and a permanent
support 17B. As best seen 1n FIG. 2B, the temporary support
17A 1s imtially applied to the first die 12A, second die 12B,
and the first temporary carrier 14A via suitable fabrication
methods such as adaptive direct write lithography and other
fabrication methods of the like. In this embodiment, tem-
porary support 17A may be a cured polymer network that 1s
formed on and about the first die 12A, second die 12B, and
the first temporary carrier 14 A. Additionally, the temporary
support 17A may also include a preferably thin-metal coat-
ing. Once the temporary support 17A is cured, the temporary
support may be removed to leave the permanent support 17B
engaged with the engaging surface 14A1 of the first tem-
porary carrier 14A along with the first die 12A and the
second die 12B. The permanent support 17B may also be a
desired CTE-compliant structure as dictated by the imple-
mentation of semiconductor package 1.

The compliant support structure 16 A may also define any
suitable structural configuration in order to provide transla-
tional support to the first die 12A and the second die 12B 1n
the horizontal or lateral directions so that the first die 12A
and the second die 12B are restricted from shifting or
rotating along the engaging surface 14A1l of the first tem-
porary carrier 14A. Such structural configuration of the
compliant support structure 16 A may be based on various
considerations, including the size, shape, and materials of
the first die 12A and the second die 12B. In one instance, a
compliant support structure described and 1llustrated herein
may be an open-cell foam stochastic three-dimensional
structure that forms about at least one die of a semiconductor
package and that engages with at least one temporary carrier
of the semiconductor package. In another instance, a com-
pliant support structure described and illustrated herein may
be a non-stochastic lattice structure that forms about at least
one die of a semiconductor package and that engages with
at least one temporary carrier of the semiconductor package.

While the compliant support structure 16A and the ther-
mally conductive structure 168 may include the temporary
support 17A and the permanent support 17B, the compliant
support structure 16 A and the thermally conductive structure
16B may include any suitable number of supports. In one
example, a compliant support structure 16A described and
illustrated herein may form a single CTE-compliant struc-
ture with the first die 12 A, the second die 12B, and the first
temporary structure 14 without depositing a temporary sup-
port structure, such as temporary support 17A.

As best seen 1n FIG. 7, first section 10 of semiconductor
package 1 may also include at least one thermally conduc-
tive structure 16B formed with the compliant support struc-
ture 16 A and formed about the first die 12A and the second
die 12B. In the illustrated embodiment, a first thermally
conductive portion of thermally conductive structure 16B
may be engaged with the compliant support structure 16 A
and formed about the first die 12A, and a second thermally
conductive portion of thermally conductive structure 16B 1s
engaged with the compliant support structure 16A and
formed about the second die 12B. The thermally conductive
structure 16B 1s configured to conduct heat away from the
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first die 12A and the second die 12B upon operation of the
first die 12A and the second die 12B. Stated differently,

thermally conductive structure 16B 1s configured to provide
thermal dissipation from the first die 12A and the second die
12B 1n order to enable for higher-level assemblies, which 1s
described 1n more detail below.

Each of the first and second thermally conductive portion
of the thermally conductive structure 16B may also have any
suitable structural configuration for conducting heat away
from the first die 12A and the second die 12B as dictated by
the 1mplementation of semiconductor package 1. In one
instance, first and second thermally conductive portion of
the thermally conductive structure 16B may be solid and
compact thermally conductive structures for conducting heat
away from the first die 12A and the second die 12B. In
another instance, first and second thermally conductive
portion of the thermally conductive structure 16B may be
hollow thermally conductive structures and/or cavities for

conducting heat away from the first die 12A and the second
die 12B.

Referring to FIG. 2A, first section 10 of semiconductor
package 1 may include at least one air cavity structure 20
formed between at least one die 12 and at least one tempo-
rary carrier 14. In the i1llustrated embodiment, a single air
cavity structure 20 1s formed between the first die 12A and
the first temporary carrier 14A. More particularly, air cavity
structure 20 operably engages with the active surface 12A2
of first die 12A and the first surface 14 A1l of first temporary
carrier 14A. The use of the air cavity structure 20 with at
least one die 12 and at least one temporary carrier 14 may
provide various advantages, including singulation, cleaning,
deposit getters to the air cavity, temporary storage, and other
various advantages of the like provided by the air cavity
structure 20.

The air cavity structure 20 described and 1llustrated may
be formed of any suitable maternials that are standard and/or
commercially available 1n the semiconductor package mar-
ket. In one instance, an air cavity structure described and
illustrated may be formed of a glass material. In another
instance, an air cavity structure described and illustrated
may be formed of a plastic material. In yet another 1nstance,
an air cavity structure described and illustrated may be
formed of a metal material. In yet another instance, an air
cavity structure described and illustrated may be formed of
a ceramic material.

While air cavity structure 20 1s formed between the first
die 12A and the first temporary carrier 14A, the air cavity
structure 20 or any number of air cavity structures may be
formed between any die and/or temporary carrier provided
in a first portion of a semiconductor package. In one
example, an air cavity structure may be formed between the
second die 12B and the first temporary carrier 14 A 1n which
air cavity structure operably engages with the active surface
12B2 of second die 12B and the first surface 14A1 of first
temporary carrier 14A.

First section 10 of the semiconductor package 1 includes
at least one compliant electrical structure or interconnect
generally referred to as numeral 22. The at least one elec-
trical structure 22 may include any suitable electrical ele-
ments and/or components dictated by the implementation of
the semiconductor package 1. In at least one 1instance,
semiconductor package 1 includes a single electrical struc-
ture 22 1n this specific implementation of semiconductor
package 1 where the electrical structure 22 may be config-
ured to electrically connect the first die 12A and the second
die 12B with specific electrical elements and/or components
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provided 1n the electrical structure 22. Such elements and
components of the electrical structure 22 are described 1n
more detail below.

As best seen 1n FIG. 3A, the electrical structure 22
includes a first surface or first electrical engaging surface
22 A that electrically connects with the first die 12A and the
second die 12B. More particularly, the first surface 22A of
clectrical structure 22 electrically connects with the mactive
surface 12A1 of the first die 12A and the inactive surface
12B1 of the second die 12B. Flectrical structure 22 also
includes a second surface or second electrical engaging
surface 22B that 1s opposite to the first surface 22A. Second
surface 22B of electrical structure 22 may electrically
engage with any suitable components or elements provided
in semiconductor package 1. In one instance, second surface
22B of electrical structure 22 may electrically connect with
a plurality of solder balls 24 for testing purposes of {first
section 10 or for constructing higher-level assemblies. In
another instance, second surface 22B of electrical structure
22 may electrically connect with another electrical structure
ol a second section of semiconductor package 1, which 1s
described 1n more detail below.

It should be understood that electrical structure 22 of first
section 10 may include various mput and output connections
and/or contours defined along the first surface 22A and/or
the second surface 22B as dictated by the implantation of the
semiconductor package 1. As such, desired electrical com-
ponents (e.g., radio frequency devices, passive electrical
devices, digital electrical devices, ground electrical ele-
ments, power electrical devices, etc.) may be engaged at
specific mput and output connections and/or contours
defined along the first surface 22 A and/or the second surface
22B. While not illustrated herein, additional supports or
shielding features may be provided on the first surface 22A
and/or the second surface 22B for structural support. Elec-
trical structure 22 may also include a deposited conductive
metal (e.g., copper or suitable conductive metals of the like)
prior to or subsequent to the inclusion of the desired elec-
trical components.

Such creation of iput and output connections and/or
contours defined along the first surface 22A and/or the
second surface 22B may be performed by any suitable
methods and techniques used 1n the semiconductor package
field. In one mstance, adaptive direct write lithography may
be used to create various mput and output connections
and/or contours defined along the first surface 22A and/or
the second surface 22B as dictated by the implantation of the
semiconductor package 1.

Electrical structure 22 of first section 10 may also include
at least one temporary dielectric applied to one or both of the
first surtace 22A and the second surface 22B. As best seen
in FIGS. 3A and 3B, a first temporary dielectric or interior
temporary dielectric 22C 1s applied between the first surface
22A and second surface 22B of the electrical structure 22,
and a second temporary dielectric or exterior temporary
dielectric 22D 1s applied to the second surface 22B of the
clectrical structure 22. Such inclusion of first temporary
dielectric 22C and second temporary dielectric 22D may be
performed by any suitable methods and techmiques used in
the semiconductor package field. In one instance, adaptive
direct write lithography may be used to include first tem-

porary dielectric 22C and second temporary dielectric 22D
to first surface 22A and second surface 22B of electrical
structure 22.

Still referring to FIGS. 3A and 3B, electrical structure 22
of first section 10 may also include and/or incorporate at
least one permanent dielectric to add electromechanical
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support to signal transmission lines, ground transmission
lines, power transmission lines, shielding structures, or other
clectrical devices. In this illustrated embodiment, a perma-
nent dielectric 22E 1s icorporated into the electrical struc-
ture 22 to add electromechanical support to signal transmis-
sion lines, ground transmission lines, power transmission
lines, shuelding structures, or other electrical devices. Such
inclusion of permanent dielectric 22E may be performed by
any suitable methods and techniques used in the semicon-
ductor package field. In one instance, adaptive direct write

[ 1

lithography may be used to include permanent dielectric 22E
to the electrical structure 22 at appropriate and/or desired
locations based on mechanical simulations performed on the
clectrical structure 22. In one instance, the supports provided
in the permanent dielectric 22E may be cantilevered from
surrounding metal features. In another instance, the supports
provided in the permanent dielectric 22E may be positioned
on the center from metal below or directly attached to at
least one die 12 surface.

While the permanent dielectric 22E is separate from the
first temporary dielectric 22C and the second temporary
dielectric 22D, a permanent dielectric may be incorporated
with one or both of a first temporary dielectric or second
temporary dielectric for assembly purposes. In one 1nstance,
a pre-fabricated dielectric component may be 1installed into
a cavity ol a second temporary dielectric where the pre-
tabricated dielectric component 1s encapsulated and remains
as a permanent support.

As stated previously, electrical components may be intro-
duced 1nto the electrical structure 22 by any suitable meth-
ods and techniques. In one instance, electrical components
may be permanently added into the electrical structure 22
upon manufacturing and/or building of the electrical struc-
ture 22. In this same instance, an electrical component may
be 1incorporated as a layered or interdigital structure using a
deposition process (as described above) or an additive
manufacturing process (e.g., plasma spray methods). In
another instance, prefabricated and/or existing electrical
components may be added to the electrical structure 22 once
the electrical structure 22 1s built.

Referring to FIGS. 4A-5A, the semiconductor package 1
includes at least another portion or second section 40 that
includes at least another mixed signal die or semiconductor
die (hereinafter “die”) generally referred to as numeral 42.
The at least another die 42 may include any suitable ele-
ments and/or components for generating various mixed
signals dictated by the implementation of the semiconductor
package 1. In at least one 1nstance, semiconductor package
1 includes a first die 42A, a second die 42B, and a third die
42C 1n this specific implementation of semiconductor pack-
age 1 where the first die 42A, the second die 42B, and the
third die 42C may be configured to generate mixed signals.
In other exemplary instances, semiconductor package 1 may
include any suitable number of semiconductor dies config-
ured to generate mixed signals dictated by the implementa-
tion of the semiconductor package 1.

As 1llustrated in FIGS. 4A-5A, the first die 42A 1ncludes
a first surface or mactive surface 42A1 that 1s free from 1mput
and output locations. First die 42A also includes a second
surface or active surface 42A2 that 1s opposite to the mnactive

surface 42A1 and includes the mput and output locations of
the first die 42A. First die 42A may also include a first side

42A3 defined between the inactive surface 42A1 and the
active surface 42A2 and 1s free from 1input and output
locations. First die 42 A may also include a second side 42 A4
defined between the inactive surtace 42A1 and the active
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surface 42A2 that 1s opposite to the first side 42A3 and 1s
free from mput and output locations.

Similarly, as illustrated in FIGS. 4A-5A, the second die
42B 1includes a first surface or 1nactive surface 42B1 that 1s
free from mput and output locations. Second die 42B also
includes a second surface or active surface 42B2 that is
opposite to the mactive surface 42B1 and includes the mput
and output locations of the second die 42B. Second die 42B
may also include a first side 42B3 defined between the
inactive surface 42B1 and the active surface 42B2 and 1s {ree
from mput and output locations. Second die 42B may also
include a second side 42B4 defined between the inactive
surface 42B1 and the active surface 42B2 that 1s opposite to
the first side 42B3 and 1s free from input and output
locations.

Similarly, as illustrated in FIGS. 4A-5A, the third die 42C
includes a first surface or nactive surface 42C1 that 1s free
from 1input and output locations. Third die 42C also 1includes
a second surface or active surface 42C2 that i1s opposite to

the mactive surface 42C1 and includes the mput and output
locations of the third die 42C. Third die 42C may also

include a first side 42C3 defined between the 1nactive
surface 42C1 and the active surface 42C2 and 1s free from
input and output locations. Third die 42C may also include
a second side 42C4 defined between the 1nactive surface
42C1 and the active surface 42C2 that 1s opposite to the first
side 42C3 and 1s free from input and output locations.

The first die 42A, the second die 42B, and the third die
42C may be formed of any suitable semiconductor maternials
conventionally and commercially available in the field of
semiconductor packages. In one aspect, first dic 42A may be
formed of a first material (e.g., silicon), the second die 42B
may be formed of a second material (e.g., gallium arsenide),
and the third die 42C may be formed of a third matenial (e.g.,
silicon-germanium) where each of the first matenial, the
second material, and the third material are different {from one
another. In another aspect, first die 42A may be formed of a
first material, the second die 42B may be formed of a second
material, and the third die 42C may be formed of a third
material where the first material, the second material, and
the third material are the same materials. It should be
appreciated that a first die, a second die, and a third die of
a semiconductor package may be formed of any suitable
semiconductor materials discussed herein and convention-
ally and commercially available 1n the field of semiconduc-
tor packages.

Referring to FIGS. 4A-4F, the second section 40 also
includes at least one temporary carrier or temporary work-
piece holder, generally referred to as numeral 44, that
operably engages with that least one die 42. The at least one
temporary carrier 44 may include any suitable elements
and/or components for operably engaging with at least one
die 42 as dictated by the implementation of the semicon-
ductor package 1. In at least one instance, semiconductor
package 1 includes a first temporary carrier 44 A that oper-
ably engages with the first die 42A, the second die 42B, and
a third die 42C. In the same 1nstance, semiconductor pack-
age 1 also includes a second temporary carrier 44B that
operably engages with a compliant support structure of the
second section 40, which 1s described 1n more detail below.
In other exemplary instances, semiconductor package 1 may
include any suitable number of temporary carriers config-
ured operably engage with at least one die described and
illustrated herein.

Referring to FIG. 4A, the first temporary carrier 44A
includes a first surface or engaging surface 44A1 that is
configured to operably engage with the at least one die 42.
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In the 1llustrated embodiment, the engaging surface 44A1 of
the first temporary carrier 44A 1s configured to operably
engage with the first die 42A, the second die 42B, and the
third die 42C. In other exemplary embodiments, the engag-
ing surface 44A1 of the first temporary carrier 44A 1s
configured to operably engage with any suitable number of
dies as dictated by the implementation of the semiconductor
package 1. As described in more detail below, the first
temporary carrier 44A 1s configured to be removed and/or
separated from the first die 42A, the second die 42B, and the
third die 42C upon manufacturing the semiconductor pack-
age 1; as such, the first temporary carrier 44 A 1s a removable
and/or separable component from the first die 42A, the
second die 42B, and the third die 42C. First temporary
carrier 44 A also includes a second surface or non-engaging
surface 44 A2 that 1s opposite to the engaging surface 44A1
and remote from the first die 42A, the second die 42B, and
the third die 42C.

It should be understood that the first die 42 A, the second
die 42B, and the third die 42C may be operably engaged at
any suitable location on the engaging surface 44 A1 of first
temporary carrier 44 A.

Referring to FIG. 4F, the second temporary carrier 44B
also 1ncludes a first surface or engaging surface 44B1 that 1s
configured to operably engage with at least one compliant
support structure of second section 40 of semiconductor
package 1, which 1s described 1n more detail below. In other
exemplary embodiments, the engaging surface 44B1 of the
second temporary carrier 44B 1s configured to operably
engage with any sutable number of compliant support
structures as dictated by the implementation of the semi-
conductor package 1. As described 1n more detail below, the
second temporary carrier 448 1s configured to be removed
and/or separated from a compliant support structure upon
manufacturing the semiconductor package 1; as such, the
second temporary carrier 44B 1s a removable and/or sepa-
rable component from the compliant support structure at the
first engaging surface 44B1. Second temporary carrier 448
also includes a second surface or non-engaging surface
44B2 that 1s opposite to the engaging surtface 44B1 and
remote from a compliant support structure of second section
40 of semiconductor package 1.

Referring to FIG. 4G, an interconnect dielectric 45 may
be provided between the first die 42A, the second die 42B,
the third die 42C, and the first temporary carrier 44A. Such
use of the interconnect dielectric 45 may protect the active
surfaces 42A2, 42B2, 42C2 of the first die 42 A, the second
die 42B, and the third die 42C until the semiconductor
package 1 1s constructed. As such, interconnect dielectric 45
may be temporary and removable from the first die 42A, the
second die 42B, and the third die 42C once the semicon-
ductor package 1 1s constructed.

As best seen 1n FIGS. 4B-4E, at least one compliant
support structure 46 A may be provided 1n the second section
40 of semiconductor package 1. In the illustrated embodi-
ment, second section 40 includes a single compliant support
structure 46A formed about the perimeter of the second
section 40 while encapsulating and/or encasing the first die
42 A, the second die 42B, and the third die 42C inside of the
compliant support structure 46A. Compliant support struc-
ture 46 A 1s also operably engaged with the first temporary
carrier 44 A, specifically with the engaging surface 44A1 of
first temporary carrier 44A. The compliant support structure
46 A 15 configured to provide translational support to the first
die 42A, the second die 42B, and the third die 42C 1n the

horizontal or lateral directions to prevent the first die 42A,
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the second die 42B, and the third die 42C from shifting or
rotating along the engaging surface 44A1 of the first tem-
porary carrier 44A.

As best seen 1n FIG. 4C, second section 40 of semicon-
ductor package 1 may also include a thru-interconnect

structure 468 formed with the compliant support structure
46A and formed about the first die 42A, the second die 42B,

and the third die 42C. In the illustrated embodiment, thru-
interconnect structure 468 may be engaged with the com-
pliant support structure 46A and formed about the first die
42A, the second die 42B, and the third die 42C. In one
instance, the thru-interconnect structure 46B 1s configured to
enable electrical connection between solder balls (described
in more detail below) and the first die 42A, the second die
428, and the third die 42C. In another instance, the thru-
interconnect structure 468 1s configured to enable electrical
connection between solder balls and the first die 42A, the
second die 42B, and the third die 42C 1n order to enable for
higher-level assemblies, which 1s described 1n more detail
below.

It should be understood that compliant support structure
46A and thru-interconnect structure 468 may include a
temporary or removable support 47A and a permanent
support 47B. As best seen 1n FIG. 4B, the temporary support
47A 1s mmtially applied to the first die 42A, second die 42B,
third die 42C, and the first temporary carrier 44 A via suitable
fabrication methods such as adaptive direct write lithogra-
phy and other fabrication methods of the like. In this
embodiment, temporary support 47A may be a cured poly-
mer network that 1s formed on and about the first die 42A,
second die 42B, third die 42C, and the first temporary carrier
44A. Additionally, the temporary support 47A may also
include a preferably thin-metal coating. Once the temporary
support 47A 1s cured, the temporary support may be
removed to leave the permanent support 47B engaged with
the engaging surface 44A1 of the first temporary carrier 44 A
along with the first die 42A, the second die 42B, and the
third die 42C. The permanent support 47B may also be a
CTE-compliant structure that 1s dictated by the implemen-
tation of semiconductor package 1.

The compliant support structure 46 A may also define any
suitable structural configuration in order to provide transla-
tional support to the first die 42A, the second die 42B, and
the third die 42C 1n the horizontal or lateral directions so that
the first die 42A, the second die 42B, and the third die 42C
are prevented from shifting or rotating along the engaging
surface 44A1 of the first temporary carrier 44A. Such
structural configuration of the compliant support structure
46 A may be based on various considerations, imncluding the
s1ze, shape, and matenals of the first die 42 A, the second die
428, and the third die 42C. In one instance, a compliant
support structure described and 1llustrated herein may be an
open-cell foam stochastic three-dimensional structure that
forms about at least one die of a semiconductor package and
that engages with at least one temporary carrier of the
semiconductor package. In another instance, a compliant
support structure described and illustrated herein may be a
non-stochastic lattice structure that forms about at least one
die of a semiconductor package and that engages with at
least one temporary carrier of the semiconductor package.

While the compliant support structure 46A and thru-
interconnect structure 46B may include the temporary sup-
port 47A and the permanent support 47B, the compliant
support structure 46A and thru-interconnect structure 468
may 1include any suitable number of supports. In one
example, a compliant support structure 46A and thru-inter-
connect structure 468 described and illustrated herein may
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form a single CTE-compliant structure with the first die
42 A, the second die 42B, the third die 42C and the first
temporary carrier 44 A without depositing a temporary sup-
port structure, such as temporary support 47A.

Second section 40 may also include 1rises 49 applied to
the compliant support structure 46A and/or thru-intercon-
nect structure 468B. More particularly, irises 49 may be
applied to the permanent support structure 46 AB of com-
pliant structure 46A. In one example, the second section 40
may define any suitable number of irises 49 with any
structural configuration dictated by the implementation of
the 1rises 49. In another example, 1rises 49 may be provided
on the second section 40 1n any suitable and known manner
for maintaining the irises 49 with the permanent support
structure 46 AB.

While not 1llustrated in this embodiment, second section
40 of semiconductor package 1 may include at least one air
cavity structure (not illustrated) formed between at least one
die 42 and at least one temporary carrier 44. In one 1nstance,
a single air cavity structure (such as air cavity structure 20)
may be formed between any of the first die 42 A, the second
die 428, and the third die 42C and the first temporary carrier
44 A. In this mstance, an air cavity structure may operably
engage with the active surface 42A2, 42B2, 42C2 of any one
of the first die 42 A, the second die 42B, or the third die 42C
and the first surface 44A1 of first temporary carrier 44A. The
use of the air cavity structure with at least one die 42 and at
least one temporary carrier 44 may provide various advan-
tages, including singulation, cleaning, deposit getters to the
air cavity, temporary storage, and other various advantages
of the like provided by the air cavity structure.

Second section 40 of the semiconductor package 1
includes at least another electrical structure or interconnect
generally referred to as numeral 52. The at least another
clectrical structure 52 may include any suitable electrical
clements and/or components dictated by the implementation
of the semiconductor package 1. In at least one instance,
semiconductor package 1 includes a single electrical struc-
ture 52 1n this specific implementation of semiconductor
package 1 where the electrical structure 52 may be config-
ured to electrically connect the first die 42A, the second die
428, and the third die 42C with specific electrical elements
and/or components provided 1n the electrical structure 52.
Such elements and components of the electrical structure 52
are described 1n more detail below.

As best seen 1n FIG. 5A, the electrical structure 52
includes a first surface or first electrical engaging surface
52 A that electrically connects with the first die 42A, the
second die 42B, and the third die 42C. More particularly, the
first surface 52A of electrical structure 52 electrically con-
nects with the inactive surface 42A1 of the first die 42A, the
inactive surface 42B1 of the second die 42B, and the
inactive surface 42C1 of the third die 42C. Electrical struc-
ture 52 also includes a second surface or second electrical
engaging surface 52B that 1s opposite to the first surface
52A. Second surface 52B of electrical structure 32 may
clectrically engage any suitable components or elements
provided in semiconductor package 1. In one instance,
second surface 52B of electrical structure 52 may electri-
cally connect with a plurality of solder balls 54 for testing
purposes of second section 40 or for constructing higher-
level assemblies. In another instance, second surface 52B of
clectrical structure 52 may electrically connect with another
clectrical structure of a second section of semiconductor
package 1, which 1s described in more detail below.

It should be understood that electrical structure 52 of
second section 40 may include various iput and output
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connections and/or contours defined along the first surface
52A and/or the second surface 32B as dictated by the
implantation of the semiconductor package 1. As such,
desired electrical components (e.g., radio frequency devices,
passive electrical devices, digital electrical devices, ground
clectrical elements, power electrical devices, etc.) may be
engaged at specific input and output connections and/or
contours defined along the first surface 52A and/or the
second surface 52B. While not illustrated herein, additional
supports or shielding features may be provided on the first
surtace 52A and/or the second surface 52B for structural
support. Electrical structure 52 may also include a deposited
conductive metal (e.g., copper or suitable conductive metals
of the like) prior to or subsequent to the inclusion of the
desired electrical components.

Such creation of mput and output connections and/or
contours defined along the first surface 52A and/or the
second surface 52B may be performed by any suitable
methods and techniques used 1n the semiconductor package
field. In one mstance, adaptive direct write lithography may
be used to create various mput and output connections
and/or contours defined along the first surface 52A and/or
the second surface 52B as dictated by the implantation of the
semiconductor package 1.

Electrical structure 32 of second section 50 may also
include at least one temporary dielectric applied to one or
both of the first surface 52 A and the second surface 52B. As
best seen 1n FIGS. SA and 5B, a first temporary dielectric or
interior temporary dielectric 52C 1s applied between the first
surtace 32A and the second surface 52B of the electrical
structure 52. Such inclusion of first temporary dielectric 52C
may be performed by any suitable methods and techniques
used 1n the semiconductor package field. In one 1nstance,
adaptive direct write lithography may be used to include first
temporary dielectric 52C to first surface 52A and second
surface 52B of electrical structure 52.

Still referring to FIGS. 5A and 5B, electrical structure 52
of second section 40 may also include and/or incorporate at
least one permanent dielectric to add electromechanical
support to signal transmission lines, ground transmission
lines, or power transmission lines, shielding structures, or
other electrical devices. In this illustrated embodiment, a
permanent dielectric 32E 1s incorporated into the electrical
structure 52 to add electromechanical support to signal
transmission lines, ground transmission lines, or power
transmission lines, shielding structures, or other electrical
devices. Such inclusion of permanent dielectric 52E may be
performed by any suitable methods and techmiques used in
the semiconductor package field. In one instance, adaptive
direct write lithography may be used to include permanent
dielectric 52E to the electrical structure 52 at appropriate
and/or desired locations based on mechanical simulations
performed on the electrical structure 52. In one instance, the
supports provided 1n the permanent dielectric 52E may be
cantilevered from surrounding metal features. In another
instance, the supports provided 1n the permanent dielectric
52E may be positioned on the center from metal below or
directly attached to at least one die 42 surface.

While the permanent dielectric 52E i1s separate from the
first temporary dielectric 52C, a permanent dielectric 52E
may be icorporated with one or both of a first temporary
dielectric or second temporary dielectric for assembly pur-
poses. In one 1nstance, a pre-fabricated dielectric component
may be installed into a cavity of a second temporary
dielectric where the pre-fabricated dielectric component 1s
encapsulated and remains as a permanent support.
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As stated previously, electrical components may be intro-
duced 1nto the electrical structure 52 by any suitable meth-
ods and techniques. In one instance, electrical components
may be permanently added into the electrical structure 52
upon manufacturing and/or building of the electrical struc-
ture 52. In this same instance, an electrical component may
be 1incorporated as a layered or interdigital structure using a
deposition process (as described above) or an additive
manufacturing process (e.g., plasma spray methods). In
another instance, prefabricated and/or existing electrical
components may be added to the electrical structure 52 once
the electrical structure 52 1s built.

As 1llustrated 1n FIG. 5C, first section 10 and second
section 40 are operably engaged with one another to col-
lectively form the semiconductor package 1. More particu-
larly, the electrical structure 22 of first section 10 operably
engages with the electrical structure 52 of second section 40.
Specifically, the second surface 22B of the electrical struc-
ture 22 of first section 10 operably engages with the second
surface 52B of the electrical structure 52 of second section
40. Upon such engagement, the first section 10 and the
second section 40 are eclectrically connected with one
another via the connection between the electrical structure
22 of first section 10 and the electrical structure 52 of second
section 40. Stated differently, the first section 10 and the
second section 40 are 1n electrical communication with one
another via the connection between the electrical structure
22 of first section 10 and the electrical structure 52 of second
section 40.

While the first section 10 and the second section 40 are
clectrically connected with one another via the connection
between the electrical structures 22, 52 of first and second
sections 10, 40, any suitable methods or techniques may be
used to engage the first section 10 and the second section 40
with one another. In one instance, waler bonding methods
and techniques may be used to engage the first section 10
and the second section 40 with one another.

Having now described the components and elements of
the semiconductor package 1, methods of manufacturing the
semiconductor package 1 1s described 1n more detail below.

Prior to building the first section 10, a designer of the
semiconductor package 1 may choose one or more dies 12
dictated by the implementation of the semiconductor pack-
age 1. In this mstance, first die 12A and second die 12B are
selected by the designer to include 1n the first section 10.
Once selected, first die 12A and second die 12B are then
operably engaged with the first temporary carrier 14A of the
first section 10. More particularly, the active surfaces 12A2,
12B2 of first and second dies 12A, 12B may operably
engaged with the first surface 14 Al of the first temporary
carrier 14A. While not 1llustrated herein, the second surface
14 A2 of the first temporary carrier 14A may be resting on a
support surface or structure as the first section 10 1s con-
structed.

Still referring to FI1G. 2A, a designer of the semiconductor
package 1 may also choose one or more air cavity structures
20 as described above. In this instance, the designer may
choose the air cavity structure 20 that operably engages with
the first die 12 A and the first temporary carrier 14 A 1n which
the air cavity structure 20 1s p081t10ned between the first die
12A and the first temporary carrier 14A. More particularly,
the air cavity structure 20 operably engages with the active
surface 12A2 of the first die 12A and the first surface 14A1
of the first temporary carrier 14A in which the air cavity
structure 20 1s positioned between the first die 12A and the
first temporary carrier 14A.

10

15

20

25

30

35

40

45

50

55

60

65

24

Once the first die 12A and the second die 12B operably
engage with the first temporary carrier 14A, the compliant
support structure 16 A may be formed to the first die 12A, the
second die 12B, and the first temporary carrier 14A. As best
seen 1 FIG. 2B, the compliant support structure 16A
operably engages with and about the first die 12A and the
second die 12B and operably engages with the first tempo-
rary carrier 14A. With respect to the first die 12A, the
complaint support structure 16 A 1s formed about the first die
12A 1n which the complaint support structure 16 A bonds
with first side 12A3 and the second side 12A4 of first die
12A. Similarly, with respect to the second die 12B, the
complaint support structure 16A 1s also formed about the
second die 12B in which the complaint support structure
16A bonds with first side 12B3 and the second side 12B4 of
second die 12B. With respect to the first temporary carrier
14A, the compliant support structure 16A 1s formed on the
temporary carrier 14A and bonds with the first surface 14A1
of the temporary carrier 14A. In this instance, the compliant
support structure 16A 1s non-stochastic and/or uniform
across the first section 10. In other exemplary embodiments,
a compliant support structure may be stochastic and/or
varying across the first section 10 based on various consid-
erations, icluding the number of die provided on a first
section.

Once the compliant support structure 16 A 1s bonded, at
least one thermally conductive structure 16B may be formed
to the first die 12A, the second die 12B, and the first
temporary carrier 14A. As best seen 1in FIG. 2C, the first and
second thermally conductive portion of the thermally con-
ductive structure 16B operably engage with the first die 12A
and the second die 12B and may operably engage with the
first temporary carrier 14A. With respect to the first die 12A,
the thermally conductive structure 16B 1s formed about the
first die 12A 1 which the thermally conductive structure
16B bonds with at least the mnactive surface 12A1 and may
bonds with first side 12A3 and the second side 12A4 of first
die 12A. Similarly, with respect to the second die 12B, the
thermally conductive structure 16B 1s also formed about the
second die 12B in which the thermally conductive structure

168 bonds with at least the mactive surface 12B1 and may
bond with first side 12B3 and the second side 12B4 of

second die 12B.

Once thermally conductive structure 16B 1s bonded, the
temporary support 17A may be removed from the first die
12A, the second die 12B, and the first temporary carrier
14A. As best seen 1n FIG. 2D, the temporary support 17A 1s
removed during the manufacturing process while the per-
manent support 17B remains with the first die 12A, the
second die 12B, and the first temporary carrier 14A. In this
instance, the permanent support 17B 1s non-stochastic and/
or uniform across the first section 10.

Once the permanent support 17B 1s removed, the first
section 10 constructed m FIG. 2D may be rotated and/or
tlipped about a longitudinal axis of the first section 10 during
manufacturing process for installing the second temporary
carrier 14B (see FIG. 2E). Once flipped, the second tempo-
rary carriecr 14B may be installed and bonded with the
permanent support 17B of compliant support structure 16 A.
More particularly, the first surface 14B1 of second tempo-
rary carrier 14B 1s bonded with the permanent support 17B
of compliant support structure 16 A and thermally conduc-
tive structure 16B. The second surface 14B2 of second
temporary carrier 14B may be resting on a support surface
or structure as the second temporary carrier 14B 1s installed.

Once second temporary carrier 14B 1nstalled, first tem-
porary carrier 14A may be removed from the first die 12A,
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particularly the air cavity structure 20, and the second die
12B and while leaving interconnect dielectric. The inclusion
of the first temporary carrier 14 A 1s used to protect the active
surfaces 12A2, 12B2 of the first and second dies 12A, 12B
during the manufacturing process of semiconductor package
1. In other exemplary embodiments not illustrated herein,
first temporary carrier 14A may be omitted from the process
if desired by a designer of semiconductor package 1. Once
active surfaces 12A2, 12B2 of the first and second dies 12 A,

12B are exposed, the electrical structure 22 i1s operably
engaged with the first and second dies 12A, 12B. As best

seen 1n FIG. 3A, the first surface 22A of the electrical
structure 22 1s bonded with the active surfaces 12A2, 12B2
of the first and second dies 12A, 12B such that the first and

second dies 12A, 12B are electrically connected with the
clectrical structure 22. The second surface 22B of the
clectrical structure 22 1s free from engaging any component
or clement at this stage of the manufacturing process.
Moreover, first temporary dielectric 22C, second temporary
dialectic 22D, and permanent dielectric 22E are provided
with the electrical structure 22 at this stage of the manufac-
turing process (best seen 1n FIG. 3B).

Once the electrical structure 22 1s installed, one or more
configurations of semiconductor package 1 may be con-
structed as dictated by the implementation of semiconductor
package 1. In one instance, plurality of solder balls 24 may
be operably engaged with the second surface 22B of elec-
trical structure 22 once the first temporary dielectric 22C 1s
removed (see FIGS. 3C-3D). In this same instance, the
second temporary dielectric 22D 1s also removed from the
semiconductor package 1 1n order to engage another semi-
conductor package to the first section 10 or for testing and/or
probing the first section 10 (see FIG. 3E). In another
instance, the second section 40 may be engaged with the first
section 10 via bonding of the electrical structure 22 of the
first section 10 and the electrical structure 52 of the second
section 40, which 1s described in more detail below (see
FIGS. 5C-FIG. 7).

The construction of the second section 40 of the semi-
conductor package 1 1s substantially similar to the construc-
tion of the first section 10 described above. As such, the
manufacturing process of second section 40 1llustrated in
FIGS. 4A-5A 1s substantially similar to the manufacturing
process of first section 10 illustrated in FIGS. 2A-3C.

Once the first section 10 and the second section 40 are
constructed, the first section 10 and the second section 40
may be operably engaged with one another in a desired
structural configuration. As best seen 1 FIGS. 5B-5C, the
first section 10 and the second section 40 are operably
engaged with one another via the electrical structures 22, 52
such that the first section 10 and the second section 40 are
in electrical communication with one another. More particu-
larly, the second surface 22B of the electrical structure 22 of
first section 10 and the second surface 52B of the electrical
structure 52 of second section 40 operably engage with one
another and are 1n electrical communication with one
another (see FIG. 5C). Once engaged, any suitable tech-
niques or methods may be used to operably engage the first
section 10 and the second section 40 are operably engaged
with one another via the electrical structures 22, 52. In the
illustrated embodiment, wafer bonding 1s used to operably
engage the first section 10 and the second section 40 are
operably engaged with one another via the electrical struc-
tures 22, 32.

Once the first section 10 and the second section 40 are
operably engaged with one another, one or more configu-
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rations of semiconductor package 1 may be constructed as
dictated by the implementation of semiconductor package 1.

In one nstance, plurality of solder balls 54 may be
operably engaged with the second surface 52B of electrical
structure 22 once the first temporary dielectric 52C and the
second temporary carrier 44B are removed (see FIGS.
6B-6C). In this same 1instance, the irises 49 may also be
removed from the semiconductor package 1 in order to
engage another semiconductor package to the first section 10
or for testing and/or probing the first section 10 with a
probing tool 60 at the solder balls 34 (see FIGS. 6D and 7).
As best seen 1 FIG. 7, heat 18A, 18B may be dissipated
from the first die 12A and the second die 12B upon testing
and/probing of the first section 10 via the thermally con-
ductive structure 16B.

In another 1nstance, the second section 40 may be engaged
with the first section 10 via bonding of the electrical struc-
ture 22 of the first section 10 and the electrical structure 52
of the second section 40 (see FIGS. SC-FIG. 7). In this
instance, the second temporary carriers 14B, 44B are also
removed from first and second sections 10, 40 1n order to
turther engage the plurality of solder balls 34 or to engage
semiconductor package 1 with another semiconductor pack-
age discussed herein (e.g., another semiconductor package
1) or commercially available (see FIGS. 6E and 7). When
the plurality of solder balls 54 are engaged, probing and/or
testing of the semiconductor package 1 may be induced (see
FIG. 7).

While the compliant support structures 16, 46 described
and 1illustrated herein have been illustrated with lattice
configurations, compliant support structures described and
illustrated herein may define any suitable structural configu-
ration created through additive manufacturing techniques
and processes. In one instance, compliant support structures
of a semiconductor package may define organic and/or
branch-like shapes that sporadically operably engage with
clectrical connections and dies provided in the semiconduc-
tor package. In this 1nstance, these compliant support struc-
tures may be made of a foam material formed sporadically
about the electrical connections and dies to maintain and
support said electrical connections and dies. In this same
instance, these compliant support structures may also be
strategically formed supports that sporadically operably
engaged with the electrical connections and dies to maintain
and support said electrical connections and dies.

It should also be understood that complaint support struc-
tures 16, 46 and/or dielectric supports or material described
and 1llustrated herein may be made from any suitable
materials. In one 1nstance, complaint support structures
and/or dielectric supports or material described and 1llus-
trated herein may be rigid maternials such as glass materials
and other rigid materials of the like. In another instance,
complaint support structures and/or dielectric supports or
material described and illustrated herein may be flexible
materials such as hexagonal boron nitride (h-BN) matenal,
polymer based materials, and other flexible materials of the
like.

It should also be appreciated that other suitable compliant
clectrical structuring may be considered 1n the embodiments
discussed above. In one 1nstance, an individual, singular die
with mterconnects may interface and/or engage with dispa-
rate PCB materials to form next level of semiconductor
package. In this mstance, water bonding and/or stacking of
multiple dies packaged with one another may be omitted 1t
desired for an intended semiconductor package when resolv-
ing i1ssues of CTE material mismatching within heteroge-
neously integrated packages.
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It should also be appreciated that dies described and
illustrated herein may be any commercially-available dies
necessary for a proposed semiconductor package. Examples
of dies suitable for a proposed semiconductor package
described herein include monolithic microwave integrated
circuit or MMIC-based die, mixed-signal integrated circuits,
digital die (e.g., processors, memory, etc.), photonic inte-
grated circuits, and other dies necessary for a proposed
semiconductor package described herein.

FIG. 8 1illustrates a method 100. An imitial step 102 of
method 100 may include providing at least one die engaged
directly with an end of at least one electrical structure that
forms at least one section. Another step 104 of method 100
may include providing at least another die engaged directly
with an end of at least another electrical structure that forms
at least another section. Another step 106 of method 100
may include providing at least one compliant support struc-
ture positioned about the at least one die. Another step 108
of method 100 may include providing at least another
compliant support structure positioned about the at least
another die. Another step 110 of method 100 may include
providing another end of the at least one electrical structure
engaged directly with another end of the at least another
electrical structure; wherein the another end of the at least
one electrical structure 1s opposite to the end of the at least
one electrical structure; and wherein the another end of the
at least another electrical structure 1s opposite to the end of
the at least another electrical structure. Another step 112 of
method 100 may include producing a semiconductor pack-
age, wherein the at least one section and the at least another
section are formed entirely of metal matenals.

In other exemplary embodiments, method 100 may
include optional and/or additional steps. Optional steps may
turther include providing at least one temporary carrier
directly engaged with an end of the at least one die; and
providing at least another temporary carrier directly engaged
with the at least one compliant support structure and towards
an opposite end of the at least one die; wherein the steps of
providing the at least one temporary carrier directly engaged
with the end of the at least one die and providing at least
another temporary carrier directly engaged with the at least
one compliant support structure and towards the opposite
end of the at least one die are completed prior to the step of
providing the at least one die directly with the end of the at
least one electrical structure that forms the at least one
section. An optional step may further include providing an
air cavity structure between the at least one die one of the at
least one temporary carrier. Another optional step may
turther include removing the at least one temporary carrier
from the at least one die and the at least one compliant
support structure prior to the step of providing the at least
one die directly engaged directly with the end of the at least
one electrical structure that forms the at least one section.
Optional steps may further include providing at least one
temporary carrier directly engaged with an end of the at least
another die; and providing at least another temporary carrier
directly engaged with the at least another compliant support
structure and towards an opposite end of the at least another
die; wherein the steps of providing at least one temporary
carrier directly engaged with the end of the at least another
die and providing at least another temporary carrier directly
engaged with the at least another compliant support structure
and towards the opposite end of the at least another die are
completed prior to the step of providing the at least another
die directly with the end of at least another electrical
structure that forms the at least another section. Another
optional step may further include providing an air cavity
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between the at least another die and the at least one tempo-
rary carrier. Another optional step may further include
removing the at least one temporary carrier from the at least
another die and the at least one compliant support structure
prior to the step of providing at least another die directly
with the end of the at least another electrical structure that
torms the at least another section. Optional steps may further
include providing a plurality of solder balls with one of the
at least one section and the at least another section; and
testing the semiconductor package via the plurality of solder
balls. Optional steps may further include providing a plu-
rality of solder balls with one of the at least one section and
the at least another section; and providing a second semi-
conductor package with the semiconductor package.

FIGS. 9 and 10 illustrate a semiconductor package 200
with at least one semiconductor die 202 (hereinaiter “die”)
that may be similar to semiconductor dies 12, 42 described
above, except as detail below.

In this embodiment, a single die 202 i1s shown herein. As
best seen 1n FIG. 9, die 202 includes at least one peripheral
wall 202 A and at least another peripheral wall 202B adjacent
to the at least one peripheral wall 202 A but oriented orthogo-
nal to the at least one peripheral wall 202A defined ther-
cbetween. It should be appreciated that die 202 may include
any suitable number of peripheral walls and/or structural
configuration that enables electrical connection and/or 1/0
connections to be provided on said die 202; such electrical
connection and/or I/O connections are described in more
detail below. It should also be appreciated that the at least
one peripheral wall 202A, the at least another peripheral
wall 202B, and any other peripheral walls of die 202 may be
oriented and/or configured with any suitable structural con-
figuration. In one 1nstance, at least one peripheral wall 202 A,
the at least another peripheral wall 202B, and any other
peripheral walls of die 202 may be oriented at an acute angle
relative to a top or bottom surface of die 202. In another
instance, at least one peripheral wall 202A, the at least
another peripheral wall 202B, and any other peripheral walls
of die 202 may be oriented at an obtuse angle relative to a
top or bottom surface of die 202.

Die 202 also includes a top or first surface 202C that 1s
positioned vertically above the at least one peripheral wall
202 A and the at least another peripheral wall 202B, a bottom
or second surface 202D that 1s positioned vertically below
the at least one peripheral wall 202 A and the at least another
peripheral wall 202B surface 202C, and a vertical axis
defined therebetween. In the illustrated embodiment, the top
surface 202C 1s configured to receive a set ol input/output
connections, which 1s described in more detail below, and
the bottom surface 202D is configured to operably engaged
with an interconnect or electrical structure (such as electrical
structures 22, 52).

Die 202 also includes a restricted region 202E. As best
seen 1n FI1G. 9, the restricted region 202E extends along the
perimeter of the die 202 adjacent to the at least one periph-
cral wall 202 A, the at least another peripheral wall 2028, and
other peripheral walls of die 202. In the 1llustrated embodi-
ment, the restricted region 202EF extends continuously along
perimeter of die 202 and i1s umnterrupted along the top
surface 202C of die 202. The restricted region 202E prevents
clectrical connections and/or I/O connections from being
placed or provided in this area.

It should be appreciated that die 202 may be any suitable
semiconductor die described and 1llustrated herein and other
readily available. In one instance, die 202 may be a com-
mercially available die made of commercially available
material that 1s considered suitable for use 1n a semiconduc-




US 12,467,950 B2

29

tor package. Moreover, 1t should be understood that die 202
described and illustrated herein may include any suitable
characteristics considered suitable for use 1n a semiconduc-
tor package. In one instance, die 202 may be configured with
mixed signals to be used with analog circuits, digital cir-
cuits, intrinsic mixed-signal circuits, and other various cir-
cuits currently used in the art.

Still referring to FIG. 9, a sets of iput/output (10)
connections 210 are provided on the top surface 202C of die
202 via any suitable additive manufacturing methods and/or
techniques. The sets of 10 connections 210 may be used for
various and/or mixed signals that may be generated by the
semiconductor die 202. Such 10 connections that make up
the sets of 10O connections 210 are described 1n more detail
below.

The sets of 10 connections 210 may 1nclude a first set of
IO connections 220 provided on the top surface 202C of the
die 202. In the illustrated embodiment, the first set of 10
connections 220 are radio frequency (RF) connections pro-

vided on the top surface 202C of die 202 to directly connect
coaxial connections 204 with the die 202; such connection
between coaxial connections 204 and die 202 1s described in
more detail below. As best seen 1n FIGS. 9 and 10, each 1O
connection of the first set of 10 connections 220 includes a
first bond pad 222 and a second bond pad 224 being
encapsulated by the first bond pad 222. In this illustrated
embodiment, first bond pad 222 of each 10 connection of the
first set of 10 connections 220 1s continuous and uninter-
rupted to completely encapsulate the second bond pad 224
from other surrounding IO connection in the first set of 10
connection 220 and other sets of IO connections provided on
die 202. Such features and characteristics of the first bond
pad 222 and the second bond pad 224 of each 10 connection

of the first set of 10 connections 220 are described 1n greater
detail below.

Referring to FIGS. 9 and 10, first bond pad 222 of each
1O connection of the first set of 10 connections 220 1includes
a first surface 222A that 1s provided on the top surface 202C
of die 202, a second surface 222B opposite to the first
surface 222A and positioned remote from the top surface
202C of die 202, and a circumierential wall 222C extending
between the first surface 222 A and the second surface 222B.
In this illustrated embodiment, each of the first surface
222A, the second surface 222B, and the circumferential wall
222C may be substantially continuous and uninterrupted
along the entire length of first bond pad 222. Stated difler-
ently, each of the first surface 222A, the second surface
2228, and the circumierential wall 222C may be solid and
substantially free from non-continuous and/or interrupted
features and characteristics along the entire length of first
bond pad 222. With each of the first surface 222A, the
second surface 222B, and the circumferential wall 222C
being substantially continuous and uninterrupted along the
entire length of first bond pad 222, the first bond pad 222
may enable electrical signals to be transmitted between an
clectrical connection (e.g., coaxial connection 204) and the
die 202 without such electrical signals being transmitted
away Ifrom the electrical connection and/or the die 202.

Referring to FIGS. 9 and 10, second bond pad 224 of each
IO connection of the first set of 10 connections 220 includes
a first surface 224 A that 1s provided on the top surface 202C
of die 202, a second surface 224B opposite to the first
surface 224A and positioned remote from the top surface
202C of die 202, and a circumierential wall 224C extending
between the first surface 224 A and the second surface 224B.
In this illustrated embodiment, each of the first surface
224 A, the second surface 224B, and the circumfterential wall
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224C may also be substantially continuous and uninter-
rupted along the entire length of second bond pad 224.
Stated differently, each of the first surface 224 A, the second
surface 224B, and the circumierential wall 224C may be
solid and substantially free from non-continuous and/or
interrupted features and characteristics along the entire
length of second bond pad 224. With each of the first surface
224 A, the second surtace 224B, and the circumterential wall
224C being substantially continuous and uninterrupted
along the entire length of second bond pad 224, the second
bond pad 224 may enable electrical signals to be transmitted
between an electrical connection (e.g., coaxial connection
204) and the die 202 without such electrical signals being
transmitted away from the electrical connection and/or the
die 202.

As stated before, first bond pad 222 continuously sur-
rounds and/or encapsulates the second bond pad 224 of each
IO connection of the first set of 10 connections 220 from
adjacent 10 connections of the first set of IO connections
220 and from adjacent IO connections of other sets of 10
connections 220 provided on die 202. In one instance, the
first bond pad 222 may define a curvilinear shape that
surrounds the second bond pad 224 in which the curvilinear
shape of the first bond pad 222 continuously surrounds
and/or encapsulates the second bond pad 224 in each 10
connection of the first set of 10 connections 220 from
adjacent 10 connections of the first set of 10 connections
220 and from adjacent IO connections of other sets of 10
connections 220 provided on die 202. In another instance,
the first bond pad 222 may define a circular cross-sectional
shape that surrounds the second bond pad 224 1n which the
circular cross-sectional shape of the first bond pad 222 is
continuously surrounds and/or encapsulates the second bond
pad 224 of each IO connection of the first set of 10
connections 220 from adjacent 10 connections of the first set
of 1O connections 220 and from adjacent 10 connections of
other sets of 10 connections 220 provided on die 202.

Such encapsulation of the second bond pad 224 by the
first bond pad 222 i1s considered advantageous at least
because the first bond pad 222 provides a continuous elec-
tromagnetic and/or RF interference barrier about the second
bond pad 224 to prevent unwanted electrical signals from
interfering with signal transmitted through the second bond
pad 224. With such encapsulation, a designer of die 202 may
be enabled to provide the first set of 10 connections 220 at
any suitable location along the top surface 202C of the die
202 without mixed electrical signals interfering with one
another. Stated differently, a designer of die 202 may be
ecnabled to provide the first set of 10 connections 220
between other IO connections provided on the die 202
and/or away from the at least one peripheral wall 202A, the
at least another peripheral wall 202B, and other peripheral
walls of die 202 as compared to conventional placement of
IO connections like the first set of IO connections 220 (i.e.,
near or proximate to the at least one peripheral wall 202A,
the at least another peripheral wall 202B, and other periph-
eral walls of die 202).

The first set of 10 connections 220 of the sets of 10
connections 210 may also be provided on the top surface
202C of the die 202 via additive manufacturing methods
and/or techmques currently and commercially available.
Such use of additive manufacturing to provide the first set of
IO connection 220 of the sets of 10 connections 210 on the
top surface 202C of the die 202 1s considered advantageous
at least because a designer of the die 202 may arrange the
first set of IO connections 220 at any suitable position on the
die 202. Stated differently, use of additive manufacturing
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provides a designer with the freedom to place and provide
the first set of IO connections 220 at any suitable location on
the top surface 202C of the die 202. As such, the first set of
IO connections 220 may be provided at the peripheral edges
of the top surface 202C proximate to the at least one
peripheral wall 202A, the at least another peripheral wall
202B, and other peripheral walls of die 202 or positioned
remote Irom the peripheral edges of the top surface 202C
away Ifrom the at least one peripheral wall 202A, the at least
another peripheral wall 202B, and other peripheral walls of
die 202 and towards the center of the die 202. Such
flexibility of placing 10 connections on the die 202, like the
first set of 10 connection 220, enables designers to provide
high, staggered densities of 10 connections along the top
surface 202C of the die 202 as compared to conventional,
uniform placement of IO connections on dies. Such stag-
gered densities of 10 connections may also reduce mechani-
cal stress at the peripheral edges of the die 202 causing
damage to the die 202.

With use of additive manufacturing discussed above, each
IO connection of the first set of 10 connections 220 may be
arranged 1n any suitable geometric pattern on the top surface
202C of the die 202. In one instance, first set of 10
connections 220 may be arranged 1n a uniform, concentrated
pattern at a particular location on the top surface 202C of die
202. In this same 1nstance, each 10O connection of the first set
of 10 connections 220 contacts at least two 10O connections
of the first set of IO connections 220 i1n this uniform,
concentrated pattern. In another instance, first set of 10
connections 220 may be arranged 1 a random, staggered
pattern at particular locations on the top surface 202C of die
202. In this same 1nstance, each 1O connection of the first set
of IO connections 220 may be free from contacting another
IO connection of the first set of IO connections 220 in this
random, staggered pattern.

As described above, each IO connection of the first set of
IO connections 220 may enable at least one coaxial con-
nection 204 to directly connect with the die 202. As best seen
in FIG. 10, an outer conductor 204A of coaxial connection
204 may be operably engaged with the first bond pad 222 of
a first IO connection 220A of the first set of 10 connections
220. Similarly, an inner conductor 204B of the coaxial
connection 204 surrounded by the outer conductor 204 A
may be operably engaged with the second bond pad 222 of
the first IO connection 220A of the first set of IO connections
220. Upon such engagement, an epoxy or resin material (not
illustrated herein) may be introduced and used to perma-
nently engage the coaxial connection 204 with the die 202
at the first 10 connection 220A. Once engaged, the coaxial
connection may be operably engaged with another die
(stmilar to die 202) or another electrical component pro-
vided 1n semiconductor package 200 for desired connection
purposes, including interconnection purposes between dies
and/or other electrical components. Coaxial connection 204
also include dielectric material positioned between the outer
conductor 204 A and the 1nner conductor 204B {for electrical
purposes ol separating the outer conductor 204A and the
inner conductor 204B from one another.

It should be appreciated that second bond pads 224 of
adjacent 10 connections of the first set of IO connections
may be in fluid commumnication with one another 1n which
the second bond pads 224 of adjacent 10 connections form
a single second bond pad 224. As best seen 1 FIG. 10, the
second bond pad 224 of the first IO connection 220A may be
in fluid communication with an adjacent second bond pad
224 of a second adjacent 10 connection 2208 1n which the
second bond pads 224 of adjacent 10 connections 220A,
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220B form a single second bond pad 224. As such, a portion
ol the outer conductor 204 A of the coaxial connection 204
may directly contact with the second bond pad 224 of the
first IO connection 220A while a portion of another outer
conductor 204A of a second coaxial connection 204 may

directly contact with the second bond pad 224 of the second
IO connection 220B. As 1llustrated herein, the second bond
pads 224 of adjacent 10 connections 220A, 220B may be
continuous with one another to enable engagement of mul-
tiple coaxial connections 204 with the die 202 while still
providing electromagnetic or RF interference protection to
the second bond pads 224 encapsulated inside of the first
bond pads 222.

First and second bond pads 222, 244 of IO connections 1n
the first set of IO connections 220 may also have any
suitable thickness and/or density based on the use of a
specific 10 connections of the first set of 10 connections
220, including thermal management and higher ampacity. In
one instance, first and second pads 222, 224 of a first 10

connection of the first set of 10 connection may have a {irst
thickness measured from the first surfaces 222A, 224A to the

second surfaces 2228, 224B, and first and second pads 222,
224 of a second 10 connection of the first set of 10
connection may have a second thickness measured from the
first surfaces 222 A, 224 A to the second surfaces 2228, 224B
where the first and second thicknesses are diflerent from one
another.

It should be understood that any 10 connection of the first
set of 1O connections 220 may define any suitable sizes,
shapes, and configurations dictated by the implementation of
the first set of IO connections 220. In the illustrated embodi-
ment, each IO connection of the first set of IO connections
220 defines a substantially circular cross-sectional shape (as
best seen 1 FI1G. 9) due to each 10 connection of the first set
of 10 connections 220 being configured for transmitting RF
signals between the die 202 and the electrical device 204.

Sets of 1O connections 210 may include additional sets of
IO connections that may be used for mixed signals different
than the RF signals configured with the first set of 10
connections 220. As best seen 1n FIG. 9, sets of IO connec-
tions 210 may include a second set of 10 connections 230A
where the second set of 10 connections 230A are staggered
along the top surtace 202C of die 202 and extend between
the at least one peripheral wall 202A and the at least another
peripheral wall 202B. Sets of 10 connections 210 may
include a third set of 10 connections 230B where the third
set of 10 connections 230B are also staggered along the top
surtace 202C of die 202 and extend between the first
peripheral wall 202 A and second peripheral wall 202B. Sets
of IO connections 210 may include a fourth set of 10
connections 230C where the fourth set of IO connections
230C are positioned along the top surface 202C of die 202
and proximate to the at least one peripheral wall 202A of the
die 202. Sets of IO connections 210 may include a fifth set
ol IO connections 230D where the fifth set of IO connections
230D are positioned along the top surface 202C of die 202
and proximate to the at least another peripheral wall 202B of
the die 202. Sets of IO connections 210 may include a
thermal connection 230E where the thermal connection
230F 1s positioned along the top surface 202C of die 202 and
positioned away from the at least one peripheral wall 202A

and at least another peripheral wall 202B of the die 202.
It should be understood that the second set of 10 connec-
tions 230A, third set of 10 connections 230B, fourth set of
IO connections 230C, fifth set of IO connections 230D, and
thermal connection 230E may be used to transmit various
mixed signals that are different than the first set of 10
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connections 220 described above. As previously described,
the first bond pad 222 of each 10 connection of the first set
of 10 connections 220 1s configured to continuously sur-
round and encapsulate the second bond pad 224 of each 10
connection of the first set of 10 connections 220 to provide
clectromagnetic or RF interference protection from mixed
clectrical signals transmitted through the second set of 10
connections 230A, third set of IO connections 230B, fourth
set of IO connections 230C, fifth set of IO connections
230D, and thermal comnection 230E. With such provide
clectromagnetic or RF interference protection, the first set of
10 connections 220 may be placed 1n between and/or around
the second set of 10 connections 230A, third set of 10
connections 2308, fourth set of 10 connections 230C, fifth
set of 10 connections 230D, and thermal connection 230E
without 1ssues of signal interference. As such, designers of
dies 202 may have freedom to provide an IO connection of
the first set of 10 connections 220 at any suitable positioned
dictated by the implementation of the die 202 1n a semicon-
C

luctor package described and illustrated herein.

It should also be understood that the second set of 10
connections 230A, third set of 10 connections 230B, fourth
set of IO connections 230C, fifth set of 10 connections
230D, and thermal connection 230F may define any suitable
s1zes, shapes, and configurations to provide the least amount
of mechanical stress while 1 service either within the
interconnect 1tselt or at die 202. It should also be understood
that the second set of 10 connections 230A, third set of 10
connections 230B, fourth set of 10 connections 230C, fifth
set of 10 connections 230D, and thermal connection 230E
may be positioned at any suitable location along the die 202
to provide the least amount of mechanical stress while in
service either within the interconnect itself or at die 202.

Die 202 may also include at least one electromagnetic
interference (EMI) fence 240 for providing electromagnetic
or RF interference protection to various sets of 10 connec-

tions provided 1n the sets of 10 connection 210. As best seen
in FIG. 9, the at least one EMI fence 240 may be provided
on the top surface 202C of the die 202 where EMI fence 240
1s positioned between two adjacent sets of 10 connections
210 to provide electromagnetic or RF interference protection
between the two adjacent sets of 10 connections 210. Still
referring to FIG. 9, the at least one EMI fence 240 may also
be provided with at least one 10 connection of the first set
of 10 connections 220 where the at least one EMI fence 240
and the at least one 10 connection of the first set of 10
connections 220 are continuous with one another. Such
features and characteristics of the EMI fence 240 are
described 1n more detail below.

The at least one EMI fence 240 may include a first end
242 A that operably engages with at least one 10 connection
of the first set of 10 connections 220 and a second end 242B
opposite to the first end 242A and remote from the at least
one IO connection of the first set of IO connections 220. In
one 1nstance, the first end 242 A of the at least one EMI fence
240 may be operably engaged with at least one first bond pad
222 of at least one IO connection of the first set of 10
connections 330 where the at least one EMI fence 240 and
the at least one first bond pad 222 of the at least one 10
connection of the first set of 10 connections 220 are con-
tinuous with one another. In another instance, the first end
242A of the at least one EMI fence 240 may be operably
engaged with at least two first bond pads 222 of at least two
IO connections of the first set of IO connections 220 where
the at least one EMI fence 240 and the at least two first bond
pads 222 of the at least two 10 connections of the first set of

IO connections 220 are continuous with one another.
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The at least one EMI fence 240 may also define at least
one curve 242C. As best seen 1n FIG. 9, the at least one EMI
fence 240 may define at least one curve 242C that extends
between the first end 242A and the second end 242B. In
other exemplary embodiments, any suitable numbers of

curves 242C may be defined 1n a single EMI fence 240

dictated by the arrangement of the sets of 10 connections
210 provided on die 202. In one instance, at least two curves
242C may be defined 1 a single EMI fence 240. In this
particular instance, a first curve 242C1 extends from the first
end 242A towards a medial point of the EMI fence 240, and

a second curve 242C1 extends from the second end 242B
towards the medial point of the EMI fence 240. In another
instance, a single EMI fence 240 may omit and/or fail to
define a curve 242C extending between the first end 242A
and the second end 242B.

It should be understood that the at least one EMI fence
240 described and illustrated herein i1s a solid, continuous
member provided on the top surface 202C of die 202. With
such configuration, the at least one EMI 240 1s configured to
provide electromagnetic or RF interference protection to
various sets of 10 connections provided in the sets of 10
connection 210. In other exemplary embodiments, 1t may be
possible to make the EMI fence 240 from a plurality of
distinct and separate segments that collective define the at
least one curve 242C.

It should also be understood that the at least one EMI
tence 240 may have any suitable wall thickness that extends
between the first end 240A to the second end 240B. In one
instance, an EMI fence described and 1llustrated herein may
have a continuous, uniform wall thickness that extends from
a first end of the EMI fence to a second end of the EMI
fence. In another instance, an EMI fence described and
illustrated herein may have varying and/or nonuniform wall
thicknesses that extend from a first end of the EMI fence to
a second end of the EMI fence where at least one portion of
the EMI fence defines at least one wall thickness and at least
another portion of the EMI fence defines at least another
wall thickness different than the at least one wall thickness.
Such use of uniform and/or nonuniform wall thicknesses
may be based on various considerations, including bonding
strength that may be used to enhance greater surface area
contact at the die surface, CTE compliance features (espe-
cially at the die perimeter) to improve mechanical integrity,
or ¢lectrical confinement having gradients within the mate-
rial of an EMI fence or physical features such as perforations

may be a compromise for CTE compliance.

In the 1llustrated embodiment, three EMI fence 240 are
provided on the die 202 to provide electromagnetic inter-
ference protection between specific sets of 10 connections
210. As best seen 1n FIG. 9, a first EMI fence 240A 1s
operably engaged with the first 10 connection 220A of the
first set of 10 connections 220 and a third 10 connection
220C of the first set of 10 connections 220. More particu-
larly, a first end 242 A of the first EMI fence 240A 1s operably
engaged with first bond pad 222 of the first IO connection
220A and first bond pad 222 of the third 10 connection
220C. First EMI fence 240A may also define two curves
242C1, 242C2 where the first curve 242C1 extends from the
first end 242 A towards a medial point of the first EMI fence
240A, and the second curve 242C1 extends from the second
end 2428 towards the medial point of the first EMI fence
240A. Such use of the two curves 242C1, 242C?2 1s defined
by the layout and/or arrangement of the third set of 10
connection 230B and the fourth set of 10 connections 230C

where the first EMI fence 240A electromagnetically sepa-
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rates the third set of 10 connection 2308 and the fourth set
of 10 connections 230C from one another.

Similarly, as best seen 1 FIG. 9, a second EMI fence
240B 1s operably engaged with a fourth 10 connection 220D
of the first set of 10 connections 220. More particularly, a
first end 242A of the second EMI fence 240B is operably
engaged with first bond pad 222 of the fourth 10 connection
220D. Second EMI fence 240B may also define a single
curve 242C where the curve 242C extends from the first end
242 A towards a medial point of the second EMI fence 240B.
Such use of the curve 242C 1s defined by the layout and/or
arrangement of the fifth set of 10 connection 230D and the
thermal connection 230E where the second EMI fence 2408
clectromagnetically separates the fifth set of 10 connection
230D and the thermal connection 230E {from one another.

Similarly, as best seen 1n FIG. 9, a third EMI fence 240C
1s operably engaged with a fifth 10 connection 220F of the

first set of 1O connections 220. More particularly, a first end
242 A of the third EMI fence 240C 1s operably engaged with

first bond pad 222 of the fifth 10 connection 220E. Third
EMI fence 240C may also define a single curve 242C where
the curve 242C extends from the first end 242A towards a
medial point of the third EMI fence 240C. Such use of the
curve 242C 1s defined by the layout and/or arrangement of
the third set of 10 connection 230B and the fifth set of 10
connection 230D where the third EMI fence 240C electro-
magnetically separates the third set of 10 connection 2308
and the fifth set of 10 connection 230D from one another.

Die 202 may also include die passivation 250. As best
seen 1n FIG. 10, the die passivation 250 1s applied along the
top surface 202C of the die 202 1n between the sets of 10
connections 210. Such use of die passivation 250 prevents
corrosion and/or damage to the top surface 202C of the die
202 when the die 202 1s provided on a temporary carrier, an
clectrical structure, and/or substrate during manufacturing
operations.

While not illustrated herein, gradual transitions may be
provided at the top surface 202C of die 202 rather than
having a step and/or abrupt transition as seen i FIG. 10.
Such gradual transition between die 202 and electrical
device 204 may prevent unwanted mechanical stress on the
die 202 and the electrical device 204 when assembled with
one another and used 1n the field.

It should also be appreciated that the I/O features of
semiconductor package 200 may lend to creations of inter-
connects where topology 1s optimized for mass reduction,
CTE compliance, electrical properties (such as shielding),

reducing the eflects of electromigration, and other optimi-
zation characteristics.

FIG. 11 illustrates method 300. An mitial step 302 of
method 300 may include connecting a first surface of a
mixed signal die to an interconnect. Another step 304 of
method 300 may include providing at least one bond pad of
at least one input/output (10) connection on the mixed signal
die. Another step 306 of method 300 may include providing
at least another bond pad of the at least one 10 connection
on the mixed signal die, wherein the at least another bond
pad 1s formed continuously about the at least one die pad in
a non-linear geometry. Another step 308 of method 300 may
include providing at least another 10 connection on the
mixed signal die differing from the at least one 10 connec-
tion. Another step 310 of method 300 may include shielding,
the at least one bond pad of the at least one 10 connection,
via the at least another bond pad of the at least one 10
connection, from the at least another I/O connection.

In other exemplary embodiments, method 300 may
include additional and/or optional steps. Method 300 may
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further include that the at least one 10 connection 1s a radio
frequency (RF) connection. Optional steps may further
include engaging an inner conductor of a coaxial cable with
the at least one bond pad of the at least one 10 connection;
and engaging an outer conductor of the coaxial cable with
the at least one another pad of the at least one 10 connection;
wherein the coaxial cable 1s directly connected to the mixed
signal die. An optional step may further include providing
the at least one bond pad of the at least one 10 connection
and the at least another bond pad of the at least IO connec-
tion proximate to at least one of a first peripheral edge of the
mixed signal die, a second peripheral edge of the mixed
signal die, a third peripheral edge of the mixed signal die,
and a fourth peripheral edge of the mixed signal die or
remote from the first peripheral edge of the mixed signal die,
the second peripheral edge of the mixed signal die, the third
peripheral edge of the mixed signal die, and the fourth
peripheral edge of the mixed signal die. Another optional
step may further include providing at least one electromag-
netic mterference (EMI) fence formed to a second surface of
the mixed signal die and formed with the at least one 10
connection; wherein the at least one EMI fence 1s configured
to electromagnetically shield the first bond pad of the at least
one IO connection. Optional steps may further include
providing at least one bond pad of a third input/output 10
connection to the second surface of the mixed signal die;
providing at least another bond pad of the third IO connec-
tion to the second surface of the mixed signal die, wherein
the at least another bond pad of the third 10 connection 1s
formed continuously about the at least one die pad 1n a
non-linear geometry; providing a fourth 10 connection to the
second surface of the mixed signal die differing from the at
least one 10 connection; and shielding the at least one bond
pad of the third IO connection, via the at least another bond
pad of the third 10 connection, from the fourth I/O connec-
tion. Optional steps may further include engaging an inner
conductor of a second coaxial cable with the at least one
bond pad of the third 10 connection; and engaging an outer
conductor of the second coaxial cable with the at least one
another pad of the third IO connection; wherein the second
coaxial cable 1s directly connected to the mixed signal die.
Another optional step may turther include providing at least
another EMI fence formed to the second surface of the
mixed signal die and formed with the third IO connection;
wherein the at least another EMI fence 1s configured to
clectromagnetically shield the at least one bond pad of the
third IO connection. Another optional step may further
include interconnecting the mixed signal die with a second
mixed signal die via the coaxial cable.

FIGS. 12-14 1llustrates a coaxial pad probe 400 based on
one aspect of the present disclosure. As described 1n more
detail below, coaxial pad probe 400 1s configured to measure
a scatter parameter (S-parameter) measurement on a die
having coaxial 10O pads (similar to first set of 10 pads 220
described above). Such component and elements that make
up of the coaxial pad probe 400 are described 1n more detail
below. For example, the coaxial pad probe 400 may be used
to measure an S-parameter measurement on one of the dies
12A, 12B, 42A, 428, 42C, 202 described herein and/or one
of the dies described 1n more detail below. However, coaxial
pad probe 400 can be used 1n association with other dies as
well.

Coaxial pad probe 400 may include a preexisting or
commercially available rigid coaxial cable 420. As best seen
in FIG. 13A, preexisting coaxial cable 420 may include a
first end 420A, a second end 420B opposite to the first end
420A, and a lengthwise axis X1 defined therebetween.
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Preexisting coaxial cable 420 may also include an outer
conductor 420C that extends longitudinally parallel with the
lengthwise axis X1 and between the first end 420A and the
second end 420B. Preexisting coaxial cable 420 may also
include an mner conductor 420D that extends longitudinally
parallel with the lengthwise axis X1 and between the first

end 420A and the second end 420B; inner conductor 420D
1s also positioned interior to the outer conductor 420C (as
best seen 1 FIGS. 13A-13C).

Preexisting coaxial cable 420 may also include a dielec-
tric component 420E that extends longitudinally between the
first end 420A and the second end 420B. The dielectric

component 420E may operably engage with the outer con-
ductor 420C and the 1nner conductor 420D to suspend the
inner conductor 420D 1nside of the outer conductor 420C. It
should be understood that any commercially available
dielectric component 420F may be used to operably engag-
ing with the mner conductor 420D with the outer conductor
420C and to suspend the inner conductor 420D 1nside of the
outer conductor 420C.

Preexisting coaxial cable 420 may also include a circum-
terential cover 420F that extends longitudinally between the
first end 420 A and the second end 420B. The circumierential
cover 420F 1s configured to cover the outer conductor 420C,
the mner conductor 420D, and the dielectric component
420F from the exterior environment surrounding the preex-
1sting coaxial cable 420.

Coaxial pad probe 400 may also include a probe 440 that
operably engages with the preexisting coaxial cable 420.
The probe 440 includes a first end 440A that operably
engages with the second end 420B of the preexisting coaxial
cable 420, a second end 4408 opposite to the first end 440A
and configured to operably engage with a coaxial 10 con-
nection provided on a die, and a lengthwise axis X2 defined
therebetween that 1s coaxial with the lengthwise axis X1 of
preexisting coaxial cable 420. Such components and ele-
ments that make up the probe 440 are described 1n greater
detail below.

The probe 440 includes a support structure 442 that
operably engages with the preexisting coaxial cable 420.
More particularly, the support structure 442 operably
engages with the second end 420B of the preexisting coaxial
cable 420. The support structure 442 includes a first end
442 A that operably engages with the second end 420B of the
preexisting coaxial cable 420, and a second end 4428 that 1s
opposite to the first end 442A and remote from the second
end 420B of the preexisting coaxial cable 420.

The support structure 442 also includes a first outer
connection 442C that extends between the first end 442A
and the second end 442B along an axis parallel with the
lengthwise axis X2. As best seen 1n FIGS. 13A-13B, the first
outer connection 442C operably engages with the outer
conductor 420C of the preexisting coaxial cable 420 to
enable electrical signals (particularly RF signals) to travel
between the preexisting coaxial cable 420 and the support
structure 442.

The support structure 442 also include a first 1nner con-
nection 442D that extends between the first end 442A and
the second end 442B along an axis that i1s parallel with the
lengthwise axis X2. As best seen 1n FIGS. 13A-13B, the {irst
inner connection 442D operably engages with the inner
conductor 420D of the preexisting coaxial cable 420 to
enable electrical signals (particularly RF signals) to travel
between the preexisting coaxial cable 420 and the support
structure 442. The first mner connection 442D 1s also
positioned interior to the first outer connection 442C where
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the first inner connection 442D 1s suspended inside of the
first outer connection 442C and free from engaging with the
first outer connection 442C.

The support structure 442 also defines a first diameter
442F at the first end 442 A and a second diameter 442F at the

second end 442B. In one instance, and as best seen 1n FIGS.
13A-13C, the first diameter 442F and the second diameter
442F are equal with one another such that the support
structure 442 defines a continuous diameter along the entire
length of the support structure 442.

The probe 440 includes a probe tip 444 that operably
engages with the support structure 442 and configured to
operably engage with a coaxial IO connection provided on
a die. More particularly, the probe tip 444 operably engages
with the second end 442B of the support structure 442 and
1s positioned remote from the second end 420B of the
preexisting coaxial cable 420. The probe tip 444 includes a
first end 444 A that operably engages with the first end 442 A
of the support structure 442, and a second end 444B that 1s
opposite to the first end 444 A and remote from the first end
420A of the preexisting coaxial cable 420.

The probe tip 444 also 1includes a second outer connection
444C that extends between the first end 444 A and the second
end 444B along an axis that 1s parallel with the lengthwise
axis X2. As best seen 1n FIGS. 13A-13B, the second outer
connection 444C operably engages with the first outer
connection 442C of the support structure 442 to enable
clectrical signals (particularly RF signals) to travel between
the support structure 442 and the probe tip 444. Additionally,
the second outer connection 444C operably engages with the
outer conductor 420C, via the first outer connection 442C of
the support structure 442, to enable electrical signals (par-
ticularly RF signals) to travel between the preexisting
coaxial cable 420 and the probe tip 444 via the support
structure 442.

The probe tip 444 also 1includes a second inner connection
444D that extends between the first end 444 A and the second
end 444B along an axis that 1s parallel with the lengthwise
axis X2. As best seen 1n FIGS. 13A-13B, the second inner
connection 444D operably engages with the first inner
connection 442D of the support structure 442 to enable
clectrical signals (particularly RF signals) to travel between
the support structure 442 and the probe tip 444. Additionally,
the second 1nner connection 444D operably engages with the
inner conductor 420D, via the first inner connection 442D of
the support structure 442, to enable electrical signals (par-
ticularly RF signals) to travel between the preexisting
coaxial cable 420 and the probe tip 444 via the support
structure 442. The second inner connection 444D 1s also
positioned interior to the second outer connection 444C
where the second 1nner connection 444D 1s suspended inside
of the second outer connection 444C and free from engaging
with the second outer connection 444C.

The probe tip 444 also defines a first diameter 444E at the
first end 444 A and a second diameter 444F at the second end
4424B. In one 1mstance, and as best seen 1n FIGS. 13A-13C,
the first diameter 444E and the second diameter 444F are
equal with one another such that the probe tip 444 defines a
continuous diameter along the entire length of the probe tip.
In this instance, the first diameter 444F and the second
diameter 444F are equal with first diameter 442E and the
second diameter 442F shown in FIGS. 13A-13C. In this
same 1nstance, the first diameter 444E and the second
diameter 444F are equal with second diameter 442F shown
in FIG. 13D.

Probe 440 may also include a dielectric component 446
that operably engages with the support structure 442 and the
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probe tip 444. As best seen 1n FIGS. 13A-13C, the dielectric
component 446 may operably engage with the first outer
connection 442C and the first imner connection 442D to
assist 1n suspending the first inner connection 442D 1nside of
the first outer connection 442C with the first inner connec-
tion 442D free from engaging with the first outer connection

442C. Still referning to FIGS. 13A-13C, the dielectric com-
ponent 446 may also operably engage with the second outer
connection 444C and the second mnner connection 444D to
assist 1 suspending the second inner connection 444D
inside of the second outer connection 444C with the second
inner connection 444D free from engaging with the second
outer connection 444C.

While the dielectric component 446 1s shown as a single
member operably engaged with the support structure 442
and the probe tip 444, the dielectric component 446 may be
split into at least two portions. In one 1nstance, a first portion
of the dielectric component 446 may operably engage with
the first outer connection 442C and the first inner connection
442D only to assist 1n suspending the first inner connection
442D mside of the first outer connection 442C with the first
inner connection 442D free from engaging with the first
outer connection 442C. In another 1nstance, a second, sepa-
rate portion of the dielectric component 446 may operably
engage with the second outer connection 444C and the
second 1nner connection 444D only to assist 1 suspending
the second inner connection 444D 1nside of the second outer
connection 444C with the second mnner connection 444D
free from or without engaging with the second outer con-
nection 444C. Furthermore, dielectric component 446 of
probe 440 may be different than the dielectric component
420F of coaxial cable 420E depending on various consid-
erations, including the dielectric constant of the material
used 1n dielectric components 420E, 446 and a desired
impedance. Additionally, dielectric component 446 may be
made from any suitable material commonly used 1n the art
or may simply be air.

It should be understood that the probe 440 may be
manufactured and provided with the preexisting coaxial
cable 420 1n various ways with uses of additive manufac-
turing techniques and methods commercially available at
this time and techmiques and methods not commercially
available at this time. In one instance, the support structure
442 may be imtially manufactured along with the probe tip
444 being manufactured subsequent to the support structure
442 (see FIG. 13A). Continuing with this instance, the
combination of the support structure 442 and the probe tip
444 (1.e., probe 440) may then be provided with the preex-
isting coaxial cable 420 at the second end 420B of the
preexisting coaxial cable 420 (see FIG. 13B). In another
instance, the support structure 442 may be iitially manu-
tactured and provided with the preexisting coaxial cable 420
at the second end 420B of the preexisting coaxial cable 420.
Continuing with this instance, the probe tip 444 may then be
manufactured and provided on the second end 442B of the
support structure 442 with the support structure 442 cur-
rently provided on the preexisting coaxial cable 420.

It should be appreciated that a portion of probe tip 444
may be formed of harder material than the support structure
442. In one instance, the second end 444B of probe tip 444
that contacts at least one die pad may be formed of a harder
material than the material of the support structure 442. The
material at the second end 444B of probe tip 444 1s also
resilient and includes material of different mechanical and
clectrical properties than the support structure 442 for con-
tacting at least one die pad and transferring electrical energy
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from the die pad to an analyzing device (not illustrated)
connected with the probe 400.

It should also be understood that any portion of the probe
440 may be removed from coaxial cable 420 1f probe tip 444
or the probe 400 1s worn and/or deteriorate such that the
probe 440 1s unable to fully contact a bond pad on a die. In
one instance, the probe tip 444 may be cut and severed from
the second end 442B of support structure 442 so that a new
probe tip 444 may be formed and/or provided on the second
end 4428 of support structure 442. In another istance, the
entire probe 440 may be cut and severed from the second

end 420B of the coaxial cable 420 so that a new probe 440

may be formed and/or provided on the second end 4208 of
the coaxial cable 420.

It should be appreciated that pad probe 400 may be
generally used for measuring mixed-signal die (e.g., ADC/
DACs) 1n metal oxide semiconductor forms. It should also

be appreciated that pad probe 400 may also be used 1n other
dies, include radiofrequency CMOS die and MMICs die.

Having now described the components and elements of
the coaxial pad probe 400, a method of measuring an
S-parameter measurement on a die having coaxial 10 pads
via the coaxial pad probe 400 1s described in more detail
below.

Initially, a user of coaxial pad probe 400 may introduce
the coaxial pad probe 400 to a mixed die 460 (or any other
types of dies, such as those other dies described herein)
having die passivation material 461 and a coaxial 10 pad
462. In one instance, the coaxial 10 pad 462 may be
substantially similar to one of the IO connection of the first
set of 10 connections 220 discussed above. In this same
instance, coaxial 10 pad 462 also includes a first or outer
bond pad 462 A and a second or inner bond pad 462B that are
substantially similar to first bond pad 222 and the second
bond pad 224 of an 10 connection of the first set of 10
connections 220.

Once the coaxial pad probe 400 i1s directly over the
coaxial 10 pad 462, the user may then move the coaxial pad
probe 400 downwardly onto the coaxial 10 pad 462 until the
probe tip 444 1s directly contacting the coaxial 10 pad 462.
Such downward movement of the coaxial pad probe 400
towards the coaxial 10 pad 462 1s denoted by arrows labeled
“DM” 1n FIG. 13C. As best seen 1n FIG. 13C, the second
outer connection 444C directly contacts the outer bond pad
462A of the coaxial 10 pad 462, and the second inner
connection 444D directly contacts the inner bond pad 462B
of the coaxial 10 pad 462. It should be noted that the
material of the probe tip 444 may be constructed to compress
when force 1s applied downwardly on the probe tip 444 and
against the coaxial 10 pad 462. Once the probe tip 444 1s
directly contacting the coaxial 10 pad 462, the user of the
coaxial pad probe 400 may then begin measuring an S-pa-
rameter measurement of the die 460 by use of the coaxial 10
pad 462 1n combination with a commercially available
analyzing device (not illustrated herein). It should be under-
stood that the coaxial pad probe 400 electrically connected
with a commercially available analyzing device may mea-
sure any S-parameter as desired by the user. Once the
S-parameter measurement has been measured, the user may
then remove the coaxial pad probe 400 from the die 460 until
the probe tip 444 1s free from or without contacting the
coaxial 10 pad 462.

The method of measuring an S-parameter measurement
may be repeated with the coaxial pad probe 400 for any
suitable number of times where the die 460 includes more
than one coaxial 10 pad 462.
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FIGS. 15-17 illustrates another coaxial pad probe 500
based on another aspect of the present disclosure. Coaxial
pad probe 500 1s similar to coaxial pad probe 400 as
described above and illustrated in FIGS. 12-14, except as
detailed below. As described 1n more detail below, coaxial
pad probe 500 1s configured to measure an S-parameter
measurement on a die having coplanar 10 pads. Such
component and elements that make up of the coaxial pad
probe 500 are described in more detail below.

Coaxial pad probe 500 may include a preexisting coaxial
cable 520 that 1s substantially similar to preexisting coaxial
cable 420 of coaxial pad probe discussed above. As such,
preexisting coaxial cable 520 includes a first end 520A, a
second end 520B, a lengthwise axis Y1, an outer conductor
520C, an mner conductor 520D, a dielectric component
520E, and a circumfierential cover 520F that are substan-
tially similar to first end 420A, second end 420B, lengthwise
axis X1, outer conductor 420C, inner conductor 420D,
dielectric component 420E, and circumierential cover 420F
ol preexisting coaxial cable 420 of coaxial pad probe 400.

Coaxial pad probe 500 may also include a probe 540 that
1s substantially similar to probe 440 of coaxial pad probe
400. As such, probe 540 includes a first end 540A, a second
end 5408, and a lengthwise axis Y2 that are substantially
similar to first end 440A, second end 440B, and lengthwise
axis X2 of the probe 440 of the coaxial pad probe 400.

Probe 540 of the coaxial pad probe 500 may also include
a support structure 542 that 1s substantially to support
structure 442 of probe 440 of coaxial pad probe 400 previ-
ously discussed. As such, support structure 542 includes a
first end 542 A, a second end 542B, a first outer connection
542C, a first inner connection 542D, a first diameter 542E,
and a second diameter 542F that are substantially similar to
first end 442A, second end 442B, first outer connection
442C, first inner connection 442D, first diameter 442E, and
second diameter 442F of support structure 442. Probe 540 of
the coaxial pad probe 500 may also include a probe tip 544
that 1s substantially to probe tip 444 of probe 440 of coaxial
pad probe 400 previously discussed. As such, probe tip 544
includes a first end 5344 A, a second end 544B, a second outer
connection 544C, a second inner connection 544D, a first
diameter 544E, and a second diameter 544F that are sub-
stantially similar to first end 444 A, second end 444B, second
outer connection 444C, second 1nner connection 444D, first
diameter 444EF, and second diameter 444F of probe tip 444.
Probe 540 of the coaxial pad probe 500 may also include a
dielectric component 346 that 1s substantially to dielectric
component 446 of probe 440 of coaxial pad probe 400
previously discussed.

In this embodiment, however, probe 540 may include a
protruding structure 348 that extends outwardly from the
support structure 342 and the probe tip 544. As described 1n
more detail below, the protruding structure 548 1s configured
to enable the coaxial pad probe 500 to directly contact a
coplanar 10 pad provided on a die and to prevent any part
of the probe tip 544 from contacting a top or first surface of
the die. Such components and elements of the protruding
structure 548 are described 1n more detail below.

Protruding structure 548 includes an arch 550 that extends
orthogonally from one or both of the support structure 542
and the probe tip 544. In the illustrated embodiment, the arch
550 extends orthogonally from both of the support structure
542 and the probe tip 544. The arch 550 includes a first side
550A that operably engages with the support structure 542
and the probe tip 544, and a second side 550B opposite to
the first end 350A and remote from the support structure 542
and the probe tip 544. Arch 550 also defines passageway
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550C that 1s defined between the first end 350A and the
second end 550B where the passageway 550C 1s arcuate-

shaped between the first end 350A and the second end 550B.

Arch 550 may also be split into at least two sections where
cach section may operably engage with the support structure

542 or the probe tip 544. As best seen 1in FIG. 15, arch 550

may 1include a first or upper portion 350D that operably
engages with the support structure 542 and extends out-
wardly from the support structure 542. More particularly,
upper portion 530D operably engages with the first outer
connection 342C of the support structure 542 and extends
outwardly from the first outer connection 542C of the
support structure 342. Still referring to FIG. 15, arch 3550
may also include a second or lower portion 550FE that
operably engages with the probe tip 544 and extends out-
wardly from the probe tip 544. More particularly, lower
portion 550E operably engages with the second outer con-
nection 544C of the probe tip 544 and extends outwardly
from the second outer connection 544C of the probe tip 544.

Such configuration of the first portion 550D and the
second portion 550F enables the arch 550 to be constructed
when each of the support structure 542 and the probe tip 544
1s being constructed. In one 1nstance, the first portion 550D
of the arch 550 may be constructed when the support
structure 542 1s being constructed. As such, the {irst portion
550D of the arch 5350 and the support structure 542 may
form a single, monolithic member when the first portion
550D of the arch 550 and the support structure 342 are
constructed together, or the first portion 550D of the arch
550 and the support structure 542 may be formed separately
and provided with one another at a later manufacturing
stage. In another instance, the second portion 550F of the
arch 550 may be constructed when the probe tip 344 1s being
constructed. As such, the second portion 550E of the arch
550 and the probe tip 544 may form a single, monolithic
member when the second portion 350F of the arch 550 and
the probe tip 544 are constructed together, or the second
portion 550F of the arch 550 and the probe tip 544 may be
formed separately and provided with one another at a later
construction stage.

While the protruding structure 548 includes an arch 550,
the protruding structure 548 may include a structural mem-
ber with any suitable shape that enables the coaxial pad
probe 500 to directly contact a coplanar 10 pad provided on
a die and to prevent any part of the probe tip 544 from
contacting a top surface of the die.

Protruding structure 348 may include a dielectric com-
ponent 552 that operably engages with the arch 550 and 1s
disposed inside of the passageway 550C. In the 1llustrated
embodiment, dieclectric component 552 1s a part of the
dielectric component 346 operably engaged with the support
structure 542 and the probe tip 344. In one exemplary
embodiment, an additively manufactured swept right angle
transition may be provided from the first outer connection
542C of support structure 542 and second outer connection
544C of probe tip 5344 and from the {irst mnner connection
542D of support structure 542 and second inner connection
544 of probe tip 344D.

With this configuration of arch 350, the second inner
connection 544D of probe tip 544 1s also disposed 1nside of
the second portion 550E of the arch 550. Such configuration
of second inner connection 344D enables the coaxial pad
probe 500 to directly contact an inner bond pad of a coplanar
IO pad, which 1s described 1n more detail below. Addition-
ally, second inner connection 544D 1s suspended 1nside of
the arch 550 via the dielectric component 546 and/or dielec-
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tric component 548 where the second inner connection 544D
1s iree from engaging with the arch 550.

It should be understood that dielectric component 552 of
protruding structure 546 and dielectric component 546 of
probe 540 may be different than the dielectric component
420F of coaxial cable 420E depending on various consid-
erations, including the dielectric constant of the material
used 1n dielectric components 420E, 446, 452 and a desired
impedance. Additionally, dielectric components 546, 552
may be also made from any suitable material commonly
used 1n the art or may simply be air. If dialectic components
546, 552 are simply aitr, the second mner connection 544D
may include a rigid dielectric that 1s located along any point
of second mmer connection 544D (e.g, proximate to the
second end 550B of arch 550).

It should be understood that the probe 540 may be
manufactured and provided with the preexisting coaxial
cable 520 1n various ways with uses of additive manufac-
turing techmques and methods commercially available at
this time and techniques and methods not commercially
available at this time. In one instance, the support structure
542 and first portion 530D of arch 550 may be mitially
manufactured along with the probe tip 544 and the second
portion 550E of arch 550 being manufactured subsequent to
the support structure 542. Continuing with this istance, the
combination of the support structure 542, the probe tip 544,
and the protruding structure 548 (1.e., probe 540) may then
be provided with the preexisting coaxial cable 520 at the first
end 520A of the preexisting coaxial cable 420 (see FIG. 16).
In another instance, the support structure 542 and {irst
portion 350D of arch 550 may be 1nitially manufactured and
provided with the preexisting coaxial cable 520 at the first
end 520A of the preexisting coaxial cable 520. Continuing
with this instance, the probe tip 344 and second portion
550F of arch 550 may then be manufactured and provided
on the support structure 342 with the support structure 542
currently provided on the preexisting coaxial cable 520.

It should also be understood that any portion of the probe
540 may be removed from coaxial cable 520 if probe tip 544,
the protruding structure 548, or the entire probe 400 1s worn
and/or deteriorate such that the probe 440 1s unable to fully
contact a bond pad on a die. In one instance, the probe tip
544 may be cut and severed from the second end 542B of
support structure 542 so that a new probe tip 544 may be
formed and/or provided on the second end 542B of support
structure 542. Continuing with this instance, protruding
structure 548 may also be cut and removed with probe tip
544 so that a new protruding structure 548 may be provided
with the probe tip 544. In another instance, protruding
structure 348 may be cut and severed from support structure
542 and probe top 544 so that a new protruding structure 548
may be formed and/or provided with support structure 542
and probe top 344. In another 1nstance, the entire probe 440
may be cut and severed from the second end 420B of the
coaxial cable 420 so that a new probe 440 may be formed
and/or provided on the second end 420B of the coaxial cable
420.

It should be appreciated that pad probe 500 may be
generally used for measuring mixed-signal die (e.g., ADC/
DACs) 1n metal oxide semiconductor forms. It should also
be appreciated that pad probe 500 may also be used 1n other
dies, include radiofrequency CMOS die and MMICs die.

Having now described the components and elements of
the coaxial pad probe 500, a method of measuring an
S-parameter measurement on a die having coaxial 10 pads
via the coaxial pad probe 500 1s described in more detail
below.
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Initially, a user of coaxial pad probe 500 may introduce
the coaxial pad probe 500 to a mixed die 560 having die
passivation material 561 and a coplanar 10 pad 562. In this

instance, coplanar 10 pad 562 also includes a first or outer
bond pad 562A and a second or inner bond pad 562B that 1s

different than the outer and inner bond pads 462A, 4628 of
coaxial 10 pad 462.

Once the coaxial pad probe 500 i1s directly over the
coplanar 10 pad 562, the user may then move the coaxial pad
probe 500 downwardly onto the coplanar 10 pad 562 until
the probe tip 544 1s directly contacting the coplanar 10 pad
562. As best seen 1n FIG. 16, the second outer connection
544C and the arch 550, particularly the second portion
550D, directly contacts the outer bond pad 562A of the
coplanar 10 pad 562, and the second 1nner connection 544D
directly contacts the inner bond pad 562B of the coplanar 10
pad 562. It should be noted that the material of the probe tip
544 may be constructed to compress when force 1s applied
downwardly on the probe tip 544 and against the coplanar
IO pad 562. Once the probe tip 544 1s directly contacting the
coplanar 10 pad 3562, the user of the coaxial pad probe 500
may then begin measuring an S-parameter measurement of
the die 560 by use of the coplanar 10 pad 562 in combination
with a commercially available analyzing device (not illus-
trated herein). It should be understood that the coaxial pad
probe 500 electrically connected with a commercially avail-
able analyzing device may measure any S-parameter as
desired by the user. Once the S-parameter measurement has
been measured, the user may then remove the coaxial pad
probe 500 from the die 560 until the probe tip 544 1s free
from or without contacting the coplanar 10 pad 562.

The method of measuring an S-parameter measurement
may be repeated with the coaxial pad probe 500 for any
suitable number of times where the die 560 mcludes more
than one coplanar 10 pad 562.

FIG. 18 15 an alternative probe 440' that may be used with
a preexisting coaxial cable described and illustrated herein
(e.g., preexisting coaxial cable 420, 520). Probe 440' 15 also
similar to probe 440 as described above and 1llustrated 1n
FIGS. 12-13C, except as detailed below.

As seen 1n FIG. 18, probe 440' includes a support structure
442'. Here, support structure 442' include a first end 442A,
a second end 442B', a first outer connection 442C', and a first
inner connection 442" similar to first end 442 A, second end
442 B, first outer connection 442C, and first inner connection
442D of support structure 442. However, support structure
442" defines a first diameter D1 at the first end 442A" and a
second diameter D2 at the second end 442B' in which the
first diameter D1 1s greater than the second diameter D2. As
such, the diameter of the support structure 442' tapers inward
from the first diameter D1 to the second diameter D2. It
should be understood that the tapered configuration 1s used
to taper an outer conductor of a preexisting coaxial cable
(e.g., the outer conductor 420C of preexisting coaxial cable
420) and an 1nner conductor of a preexisting coaxial cable
(e.g., the inner conductor 420D of the preexisting coaxial
cable 420) down to a size that 1s compatible with coaxial 10
pads provided on a die.

Still referring to FI1G. 18, probe 440" also includes a probe
tip 444' that operably engages with the support structure
442'. Here, probe tip 444" include a first end 444 A', a second
end 444B', a first outer connection 444C', and a first inner
connection 444D' similar to first end 444A, second end
444 B, first outer connection 444C, and first inner connection
444D of probe tip 444. However, probe tip 444" defines the
second diameter D2 along the entire length of the probe tip
444" from the first end 444 A' to the second end 444B'.
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FIG. 19 1s another alternative probe 540' that may be used
with a preexisting coaxial cable described and illustrated
herein (e.g., preexisting coaxial cable 520). Probe 540' 1s
also similar to probe 540 as described above and 1illustrated
in FIGS. 15-6, except as detailed below.

As seen 1n FIG. 19, probe 540" includes a support structure
542'. Here, support structure 342' include a first end 542A',
a second end 542B', a first outer connection 542C", and a first
inner connection 542D similar to first end 542 A, second end
5428, first outer connection 542C, and first inner connection
542D of support structure 542. However, support structure
542' defines a third diameter D3 at the first end 542A' and
a Tourth diameter D4 at the second end 542B' in which the
third diameter D3 1s greater than the fourth diameter D4. As
such, the diameter of the support structure 442' tapers inward
from the third diameter D3 to the fourth diameter D3. It
should be understood that the tapered configuration 1s used
to taper an outer conductor of a preexisting coaxial cable
(e.g., the outer conductor 420C of preexisting coaxial cable
420) and an mner conductor of a preexisting coaxial cable
(e.g., the mner conductor 420D of the preexisting coaxial
cable 420) down to a size that 1s compatible with coaxial 10
pads provided on a die.

Still referring to FIG. 19, probe 340' also includes a probe
tip 544' that operably engages with the support structure
542'. Here, probe tip 544" include a first end 544 A’, a second
end 544B', a first outer connection 544C', and a first inner
connection 544D' similar to first end 544A, second end
5448, first outer connection 544C, and first inner connection
544D of probe tip 544. However, probe tip 544" defines the
fifth diameter D5 along the entire length of the probe tip 544
from the first end 544 A’ to the second end 544B'.

Probe 340' also retains similar components and/or ele-
ments described 1n probe 340. Particularly, as best seen in
FIG. 19, probe 540" includes a dielectric component 546
similar to dielectric component 546 of probe 546 as well as
a protruding structuring 548' having an arch 550" with a first
end 550A', a second end 550B', a passageway 530C", a first
portion 550D, and a second portion 550E' and a dielectric
component 552' similar to protruding structuring 548 having
arch 550 with first end 550A, second end 5508, passageway
550C, first portion 550D, and second portion S50E and
dielectric component 552.

FIG. 20 1llustrates a method 600 for measuring an S-pa-
rameter measurement of a mixed signal die. An nitial step
602 of method 600 may include connecting a first end of a
coaxial cable with an analyzing device. Another step 604 of
method 600 may include providing a probe with a second
end of the coaxial cable to construct a coaxial pad probe.
Another step 606 of method 600 may include contacting a
first bond pad provided on the mixed signal die with the
probe. Another step 608 of method 600 may include con-
tacting a second bond pad provided on the mixed signal die
with the probe. Another step 610 of method 600 may include
measuring the S-parameter measurement of the mixed signal
die.

In other exemplary embodiments, method 600 may
include additional and/or optional steps. An optional step
may further include that the step of measuring the S-param-
cter measurement of the mixed signal die 1s accomplished by
measuring an electrical signal at a coaxial mput/output (10)
connection provided on the mixed signal die or a coplanar
IO connection provided on the mixed signal die. Optional
steps may further include that the step of providing the probe
with the first end of the coaxial cable further comprises:
providing a {irst outer connection of a support structure of
the probe with an outer conductor of the coaxial cable;
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providing a first inner connection of the support structure of
the probe with an inner conductor of the coaxial cable;
providing a second outer connection of a probe tip of the
probe with the first outer connection of the support structure;
and providing a second 1nner connection of the probe tip of
the probe with the first mner connection of the support
structure. Optional steps may further include that the step of
contacting the first bond pad provided on the mixed signal
die further comprises: contacting the second outer connec-
tion with the first bond pad provided on the mixed signal die;
and wherein the step of contacting the second bond pad
provided on the mixed signal die further comprises: con-
tacting the second inner connection with the second bond
pad provided on the mixed signal die; wherein the mixed
signal die 1s a coaxial IO connection. Optional steps may
turther 1include that the step of providing the probe with the
first end of the coaxial cable further comprises: providing a
first outer connection of a support structure of the probe with
an outer conductor of the coaxial cable; providing a first
inner connection of the support structure of the probe with
an mner conductor of the coaxial cable; providing a second
outer connection of a probe tip of the probe with the first
outer connection of the support structure; providing a second
inner connection of the probe tip of the probe with the first
inner connection of the support structure; providing a pro-
truding structure with the first outer connection and the
second outer connection; wherein the second inner connec-
tion 1s provided inside of the protruding structure. Optional
steps may further include that the step of contacting the first
bond pad provided on the mixed signal die further com-
prises: contacting the second outer connection and the
protruding structure with the first bond pad provided on the
mixed signal die; and wherein the step of contacting the
second bond pad provided on the mixed signal die further
comprises: contacting the second nner connection with the
second bond pad provided on the mixed signal die; wherein
the mixed signal die 1s a coplanar 10 connection.

Various mventive concepts may be embodied as one or
more methods, of which an example has been provided. The
acts performed as part of the method may be ordered 1in any
suitable way. Accordingly, embodiments may be constructed
in which acts are performed 1in an order diflerent than
illustrated, which may include performing some acts simul-
taneously, even though shown as sequential acts 1n 1llustra-
tive embodiments.

While various 1nventive embodiments have been
described and illustrated herein, those of ordinary skill 1n the
art will readily envision a variety of other means and/or
structures for performing the function and/or obtaining the
results and/or one or more ol the advantages described
herein, and each of such variations and/or modifications 1s
deemed to be within the scope of the inventive embodiments
described herein. More generally, those skilled 1n the art will
readily appreciate that all parameters, dimensions, materials,
and configurations described herein are meant to be exem-
plary and that the actual parameters, dimensions, materials,
and/or configurations will depend upon the specific appli-
cation or applications for which the mmventive teachings
1s/are used. Those skilled 1n the art will recognize, or be able
to ascertain using no more than routine experimentation,
many equivalents to the specific mventive embodiments
described herein. It 1s, theretfore, to be understood that the
foregoing embodiments are presented by way of example
only and that, within the scope of the appended claims and
equivalents thereto, mventive embodiments may be prac-
ticed otherwise than as specifically described and claimed.
Inventive embodiments of the present disclosure are directed
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to each individual feature, system, article, material, kit,
and/or method described herein. In addition, any combina-
tion of two or more such features, systems, articles, mate-
rials, kits, and/or methods, 11 such features, systems, articles,
matenals, kits, and/or methods are not mutually 1nconsis-
tent, 1s included within the mventive scope of the present
disclosure.

The articles “a” and “an,” as used herein 1n the specifi-
cation and 1n the claims, unless clearly indicated to the
contrary, should be understood to mean “at least one.” The
phrase “and/or,” as used herein 1n the specification and 1n the
claims (if at all), should be understood to mean “either or
both” of the elements so conjoined, 1.e., elements that are
conjunctively present in some cases and disjunctively pres-
ent 1n other cases. Multiple elements listed with “and/or”
should be construed 1n the same fashion, 1.e., “one or more”
of the elements so conjoined. Other elements may optionally
be present other than the elements specifically 1dentified by
the “and/or” clause, whether related or unrelated to those
clements specifically identified. Thus, as a non-limiting
example, a reference to “A and/or B”, when used 1n con-
junction with open-ended language such as “comprising’”
can refer, in one embodiment, to A only (optionally includ-
ing elements other than B); 1n another embodiment, to B
only (optionally including elements other than A); in yet
another embodiment, to both A and B (optionally including
other elements); etc. As used herein 1n the specification and
in the claims, “or” should be understood to have the same
meaning as “and/or” as defined above. For example, when
separating items 1n a list, “or” or “and/or” shall be inter-
preted as being inclusive, 1.e., the iclusion of at least one,
but also including more than one, of a number or list of
clements, and, optionally, additional unlisted 1tems. Only
terms clearly indicated to the contrary, such as “only one of”
or “exactly one of,” or, when used 1n the claims, “consisting
of,” will refer to the inclusion of exactly one element of a
number or list of elements. In general, the term “or” as used
herein shall only be interpreted as indicating exclusive
alternatives (1.e. “one or the other but not both™) when
preceded by terms of exclusivity, such as “either,” “one of,”
“only one of,” or “exactly one of.” “Consisting essentially
ol,” when used 1n the claims, shall have 1ts ordinary meaning
as used 1n the field of patent law.

As used herein 1n the specification and in the claims, the
phrase “at least one,” 1n reference to a list of one or more
elements, should be understood to mean at least one element
selected from any one or more of the elements in the list of
clements, but not necessarily including at least one of each
and every eclement specifically listed within the list of
clements and not excluding any combinations of elements 1n
the list of elements. This defimition also allows that elements
may optionally be present other than the elements specifi-
cally identified within the list of elements to which the
phrase “at least one” refers, whether related or unrelated to
those elements specifically identified. Thus, as a non-limit-
ing example, “at least one of A and B” (or, equivalently, “at
least one of A or B,” or, equivalently “at least one of A and/or
B”’) can refer, in one embodiment, to at least one, optionally
including more than one, A, with no B present (and option-
ally including elements other than B); 1n another embodi-
ment, to at least one, optionally including more than one, B,
with no A present (and optionally including elements other
than A); in yet another embodiment, to at least one, option-
ally including more than one, A, and at least one, optionally
including more than one, B (and optionally including other
clements); etc.
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As used herein 1n the specification and 1n the claims, the
term “eflecting” or a phrase or claim element beginning with
the term “eflecting” should be understood to mean to cause
something to happen or to bring something about. For
example, eflecting an event to occur may be caused by
actions of a first party even though a second party actually
performed the event or had the event occur to the second
party. Stated otherwise, eflecting refers to one party giving
another party the tools, objects, or resources to cause an
event to occur. Thus, 1n this example a claim element of

&4 ™

elflecting an event to occur” would mean that a first party
1s giving a second party the tools or resources needed for the
second party to perform the event, however the aflirmative
single action 1s the responsibility of the first party to provide
the tools or resources to cause said event to occur.

When a feature or element 1s herein referred to as being,
“on” another feature or element, it can be directly on the
other feature or element or intervening features and/or
clements may also be present. In contrast, when a feature or
clement 1s referred to as being “directly on” another feature
or element, there are no itervening features or elements
present. It will also be understood that, when a feature or
clement 1s referred to as being “connected”, “attached™ or
“coupled” to another feature or element, it can be directly
connected, attached or coupled to the other feature or
clement or intervening features or elements may be present.
In contrast, when a feature or element is referred to as being
“directly connected”, “directly attached” or “directly
coupled” to another feature or element, there are no inter-
vening features or elements present. Although described or
shown with respect to one embodiment, the features and
clements so described or shown can apply to other embodi-
ments. It will also be appreciated by those of skill 1n the art
that references to a structure or feature that 1s disposed
“adjacent” another feature may have portions that overlap or
underlie the adjacent feature.

Spatially relative terms, such as “under”, “below”,
“lower”, “over”, “upper”, “above”, “behind”, “in front of”,
and the like, may be used herein for ease of description to
describe one element or feature’s relationship to another
clement(s) or feature(s) as illustrated 1n the figures. It will be
understood that the spatially relative terms are intended to
encompass different orientations of the device in use or
operation 1n addition to the onentation depicted in the
figures. For example, 11 a device in the figures 1s 1nverted,
clements described as “under” or “beneath” other elements
or features would then be oriented “over” the other elements
or features. Thus, the exemplary term “under” can encom-
pass both an orientation of over and under. The device may
be otherwise oriented (rotated 90 degrees or at other orien-
tations) and the spatially relative descriptors used herein
interpreted accordingly. Similarly, the terms “upwardly”,
“downwardly”, ““vertical”, “horizontal”, “lateral”, “trans-
verse”, “longitudinal”, and the like are used herein for the
purpose ol explanation only unless specifically indicated
otherwise.

Although the terms “first” and “second” may be used
herein to describe various features/elements, these features/
clements should not be limited by these terms, unless the
context indicates otherwise. These terms may be used to
distinguish one feature/element from another feature/ele-
ment. Thus, a first feature/element discussed herein could be
termed a second feature/element, and similarly, a second
feature/element discussed herein could be termed a first
teature/element without departing from the teachings of the
present invention.
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An embodiment 1s an implementation or example of the
present disclosure. Reference 1n the specification to “an
embodiment,” “one embodiment,” “some embodiments,”
“one particular embodiment,” “an exemplary embodiment,”
or “other embodiments,” or the like, means that a particular
feature, structure, or characteristic described 1n connection
with the embodiments 1s included 1n at least some embodi-
ments, but not necessarily all embodiments, of the invention.
The various appearances “an embodiment,” “one embodi-
ment,” “some embodiments,” “one particular embodiment,”
“an exemplary embodiment,” or “other embodiments,” or
the like, are not necessarily all referring to the same embodi-
ments.

If this specification states a component, feature, structure,
or characteristic “may™, “might”, or “could” be included,
that particular component, feature, structure, or characteris-
tic 1s not required to be included. If the specification or claim
refers to “a” or “an” element, that does not mean there 1s
only one of the element. IT the specification or claims refer
to “an additional” element, that does not preclude there
being more than one of the additional element.

As used herein 1n the specification and claims, including
as used 1n the examples and unless otherwise expressly
specified, all numbers may be read as 11 prefaced by the word
“about” or “approximately,” even 1f the term does not
expressly appear. The phrase “about™ or “approximately”™
may be used when describing magnitude and/or position to
indicate that the value and/or position described 1s within a
reasonable expected range of values and/or positions. For
example, a numeric value may have a value that 1s +/-0.1%
of the stated value (or range of values), +/—1% of the stated
value (or range of values), +/-2% of the stated value (or
range ol values), +/-5% of the stated value (or range of
values), +/-10% of the stated value (or range of values), efc.
Any numerical range recited herein 1s intended to include all
sub-ranges subsumed therein.

Additionally, the method of performing the present dis-
closure may occur in a sequence different than those
described herein. Accordingly, no sequence of the method
should be read as a limitation unless explicitly stated. It 1s
recognizable that performing some of the steps of the
method 1n a different order could achieve a similar result.

In the claims, as well as 1n the specification above, all
transitional phrases such as “comprising,” “mcluding,” “car-
rying,” “having,” “containing,” “mnvolving,” “holding,”
“composed of,” and the like are to be understood to be
open-ended, 1.e., to mean including but not limited to. Only
the transitional phrases “consisting of” and *“consisting
essentially of” shall be closed or semi-closed transitional
phrases, respectively, as set forth 1n the United States Patent
Oflice Manual of Patent Examining Procedures.

In the foregoing description, certain terms have been used
for brevity, clearness, and understanding. No unnecessary
limitations are to be implied therefrom beyond the require-
ment of the prior art because such terms are used for
descriptive purposes and are mtended to be broadly con-
strued.

Moreover, the description and 1illustration of various
embodiments of the disclosure are examples and the disclo-
sure 1s not limited to the exact details shown or described.

What 1s claimed 1s:

1. A coaxial pad probe for coupling with a preexisting
coaxial cable having a first end and a second end opposite to
the first end and remote from an analyzing device, compris-
ng:

a probe operably engaged with the second end of the

preexisting coaxial cable;
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wherein the probe 1s configured to directly contact a
coaxial input/output (I0) connection provided on a
mixed signal die or a coplanar 10 connection provided
on the mixed signal die for measuring an S-parameter
measurement of the mixed signal die;

wherein the probe comprises:

a support structure operably engaged with the second end
of the preexisting coaxial cable;

wherein the support structure further comprises:

a first outer connection operably engaged with an outer
conductor of the preexisting coaxial cable at the
second end of the preexisting coaxial cable; and

a probe tip operably engaged with the support structure
and configured to directly contact with the selected
coaxial IO connection provided on the mixed signal die
or the coplanar 10 connection provided on the mixed
signal die; and

a second outer connection operably engaged with the first
outer connection;

wherein the second outer connection and the outer conductor
are 1n electrical communication with one another via the first
outer connection.

2. The coaxial pad probe of claim 1, wherein the probe

defines a tapered configuration.

3. The coaxial pad probe of claim 1, wherein the support

structure comprises:

a 1irst end of the support structure operably engaged with
the second end of the preexisting coaxial cable and
defining a first diameter; and

a second end of the support structure opposite to the first
end of the support structure and operably engaged with
the probe tip and defining a second diameter;

wherein the first diameter 1s greater than the second
diameter.

4. The coaxial pad probe of claim 3, wherein the probe tip

COmprises:

a first end of the probe tip operably engaged with the
second end of the support structure;

a second end of the probe tip opposite to the first end of
the probe tip and configured to directly contact with the
selected coaxial IO connection provided on the mixed
signal die or the coplanar 10 connection provided on
the mixed signal die;

a first diameter defined at the first end; and

a second diameter defined at the second end that 1s equal
with the first diameter.

5. The coaxial pad probe of claim 1, wherein the support

structure comprises:

a first end of the support structure operably engaged with
the second end of the preexisting coaxial cable and
defining a first diameter; and

a second end of the support structure opposite to the first
end of the support structure and operably engaged with
the probe tip and defining a second diameter;

wherein the first diameter and the second diameter are
equal with one another.

6. The coaxial pad probe of claim 1, wherein the support

structure further comprises:

a first 1nner connection operably engaged to an inner
conductor of the preexisting coaxial cable at the second
end of the preexisting coaxial cable;

wherein the first inner connection 1s positioned inside of
the first outer connection and is iree from connecting
with the first outer connection.

7. The coaxial pad probe of claim 6, wherein the support

structure further comprises:
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a dielectric component operably engaged with the first
outer connection and the first inner connection;

wherein the dielectric component suspends the first inner
connection inside of the first outer connection.

8. The coaxial pad probe of claim 6, wherein the probe tip

turther comprises:

a second 1nner connection operably engaged with the first
inner connection;

wherein the second mner connection 1s positioned inside
of the second outer connection and 1s free from con-
necting with the second outer connection;

wherein the second inner connection and the inner con-
ductor are in electrical communication with one
another via the first inner connection of the support
structure.

9. The coaxial pad probe of claim 8, wherein the probe tip

turther comprises:

a dielectric component operably engaged with the second
outer connection and the second inner connection;
wherein the dielectric component suspends the second

inner connection inside of the second outer connection.

10. The coaxial pad probe of claim 9, further comprising:

a protruding structure extending from the support struc-
ture and the probe tip;

wherein the protruding structure 1s configured to directly
contact the coplanar 10 connection provided on the
mixed signal die for measuring the S-parameter mea-
surement of the mixed signal die.

11. The coaxial pad probe of claim 10, wherein the

protruding structure further comprises:

a first end operably engaged with the support structure
and the probe tip;

a second end opposite to the first end and remote from the
support structure and the probe tip; and

a side passageway extending between the first end and the
second end.

12. The coaxial pad probe of claim 11, wherein the

support structure further comprises:

a first outer connection operably engaged with an outer
conductor of the preexisting coaxial cable at the second
end of the preexisting coaxial cable; and

a first 1nner connection operably engaged to an inner
conductor of the preexisting coaxial cable at the second
end of the preexisting coaxial cable and 1s positioned
inside of the first outer connection and 1s free from
connecting with the first outer connection;

wherein the probe tip further comprises:

a second outer connection operably engaged with the first
outer connection; and

a second imner connection operably engaged to the first
inner connection and 1s free from connecting with the
first outer connection;

wherein the second mmner connection 1s positioned inside
ol the second outer connection and positioned inside of
the protruding structure.

13. A method for measuring an S-parameter measurement

of a mixed signal die, comprising steps of:

connecting a first end of a coaxial cable with an analyzing
device;

providing a probe with a second end of the coaxial cable
to construct a coaxial pad probe;

concurrently contacting a first bond pad provided on the
mixed signal die and a second bond pad provided on the
mixed signal die with the probe; and
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measuring the S-parameter measurement of the mixed
signal die;
wherein the step of providing the probe with the first end of
the coaxial cable further comprises:
providing a first outer connection of a support structure of
the probe with an outer conductor of the coaxial cable;

providing a {irst inner connection of the support structure
of the probe with an inner conductor of the coaxial
cable;

providing a second outer connection of a probe tip of the

probe with the first outer connection of the support
structure; and

providing a second inner connection of the probe tip of the

probe with the first inner connection of the support
structure.

14. The method of claim 13, wherein the step of measur-
ing the S-parameter measurement of the mixed signal die 1s
accomplished by measuring an electrical signal at a coaxial
input/output (I0) connection provided on the mixed signal
die or a coplanar 10 connection provided on the mixed
signal die.

15. The method of claim 13, wherein the step of contact-
ing the first bond pad provided on the mixed signal die
further comprises:

contacting the second outer connection with the first bond

pad provided on the mixed signal die; and

wherein the step of contacting the second bond pad

provided on the mixed signal die further comprises:
contacting the second inner connection with the second
bond pad provided on the mixed signal die;
wherein the mixed signal die 1s a coaxial IO connection.
16. The method of claim 13, wherein the step of providing
the probe with the first end of the coaxial cable further
COmMprises:
providing a first outer connection of a support structure of
the probe with an outer conductor of the coaxial cable;

providing a {irst inner connection of the support structure
of the probe with an iner conductor of the coaxial
cable;

providing a second outer connection of a probe tip of the

probe with the first outer connection of the support
structure;

providing a second inner connection of the probe tip of the

probe with the first inner connection of the support
structure;

providing a protruding structure with the first outer con-

nection and the second outer connection;

wherein the second inner connection 1s provided inside of

the protruding structure.

17. The method of claim 16, wherein the step of contact-
ing the first bond pad provided on the mixed signal die
further comprises:

contacting the second outer connection and the protruding,
structure with the first bond pad provided on the mixed
signal die; and

wherein the step of contacting the second bond pad
provided on the mixed signal die further comprises:

contacting the second inner connection with the second
bond pad provided on the mixed signal die;

wherein the mixed signal die 1s a coplanar 10 connection.
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